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THOMSON - MOSTEK 


TECHNICAL SUPPORT, PRODUCT MARKETING 


FOR INTEGRATED CIRCUITS: 
(Corporate Headquarters) 
1310 Electronics 


Carrollton, TX 75006 
214/466-6000 
TWX 910-860-5437 


FOR DISCRETE DEVICES AND R 
& MICROWAVE TRANSISTORS: 
16 Commerce Drive 
Montgomeryville, PA 18936-1002 
215/362-8500 

FAX 215/362-1293 


PO. Box 4051 
818/887-1010 





FOR PASSIVE COMPONENTS: 
6203 Variel Avenue, Unit A 


Woodland Hills, CA 91367 
FAX 818/702-0725 


FOR SPECIAL PRODUCTS: 
301 Route 17 North 
Rutherford, NJ 07070 


201/438-2300 
FAX 201/438-1774 





U.S. AND CANADIAN SALES OFFICES: 


WESTERN AREA: 


Thomson Components - Mostek Corporation 
2540 Mission College Bivd. 

Suite 104 

Santa Clara, CA 95054 

408/970-8585 

FAX 408-970-8737 


Thomson Components - Mostek Corporation 
18004 Skypark Circle 

Suite 140 

Irvine, CA 92714 

714/250-0455 

FAX 714/261-1505 


Thomson Components - Mostek Corporation 
6203 Variel Ave. 

Unit A, PO. Box 4051 

Woodland Hills, CA 91367 

818/887-1010 

FAX 818/702-0725 


Thomson Components - Mostek Corporation 
1107 North East 45th St. 

Suite 411 

Seattle, WA 98105 

206/632-0245 

FAX 206/633-5413 


Thomson Components - Mostek Corporation 
601 South Bowen St. 

Longmont, CO 80501 

303/449-9000 

FAX 303/651-7976 


Thomson Components - Mostek Corporation 
7950 East Redfield Rd. 

Suite 160 

Scottsdale, AZ 85260 

602/998-1580 

FAX 602/483-2303 


Thomson Components - Mostek Corporation 
7155 SW Varns’ St. 

Tigard, OR 97223-8057 

503/620-5517 

FAX 503/639-3591 


FOR ALL OTHER COUNTRIES 
Thomson Semiconducteurs 

43, Avenue de L’Europe 

78140 Velizy-Villacoublay/France 

Tél: (1) 39 46 97 19/Télex: 204 780 F 
or contact Corporate Headquarters 


CENTRAL AREA: 


Thomson Components - Mostek Corporation 
1310 Electronics 

MS1137 

Carrollton, TX 75006 

214/466-8844 

TWX 910-860-5437 


Thomson Components - Mostek Corporation 
6100 Green Valley Drive 

Suite 130 

Bloomington, MN 55438 

612/831-2322 

FAX 612/831-8195 


Thomson Components - Mostek Corporation 
1827 Waiden Office Square 

#430 

Schaumburg, IL 60173 

312/397-6550 

FAX 312/397-4066 


Thomson Components - Mostek Corporation 
3215 Steck Ave. 

Suite 202 

Austin, TX 78758 

512/451-4061 

TWX 910-874-2007 


Thomson Components - Mostek Corporation 
26677 W. 12 Mile Rd. 

Suite #141 

Southfield, Ml 48034 

313/354-5840 

FAX 313/354-3370 


CANADA 


Thomson CSF Canada 
Semiconductor Division 
1000 Sherbrooke West 
Suite 2340 

Montreal, Quebec H3A 3G4 
514/288-4148 

FAX 514/288-8987 


Thomson Components - Mostek Corporation 
44 Rosebud Ave. 

Brampton, Ontario L6X 2W5 

416/454-5252 

FAX 416/454-4328 


EASTERN AREA: 


Thomson Components - Mostek Corporation 
83 Cambridge Street 

Suite 2A 

Burlington, MA 01802 

617/273-3310 

FAX 617/272-2467 


Thomson Components - Mostek Corporation 
The Pavilions at Greentree 

Route #73, Suite 101 

Marlton, NJ 08053 

609/596-9200 

FAX 609/424-7437 


Thomson Components - Mostek Corporation 
4414 Evangel Cr. #C 

Huntsville, AL 35816 

205/830-9036 

FAX 205/830-9038 


Thomson Components - Mostek Corporation 
387 Hooker Avenue 

Office No. 2 

Poughkeepsie, NY 12603 

914/454-8813 

FAX 914/454-1320 


Thomson Components - Mostek Corporation 
5890 Sawmill Rd. 

Suite 204 

Dublin, Ohio 43017 

614/761-0676 

FAX 614/761-2305 


Thomson Components - Mostek Corporation 
6045 Atlantic Bivd. 

Suite 104 

Norcross, GA 30071 

404/662-1588 

FAX 404/662-1561 





U.S. AND CANADIAN 





CONNECTICUT. 
Scientific Components’. 
1185 S. Main St. ae 
Cheshire, CT 06410 

(203) 272-2963 

FAX (203) 271-3048 


FLORIDA 

Lawrence Associates” 
5021 N. Dixie Hwy. 
Boca Raton, FL 33431 
(305) 368-7373 


Sales Engineering Concepts, Inc. 
926 Great Pond Dr. 

Suite 2002 

Altamonte Springs, FL 32714 
(305) 682-4800 

FAX (305) 682-6491 


Sales Engineering Concepts, Inc." 
1000 S. Federal Hwy. 

Suite 204° 
Deerfield Beach, FL 33441 

(305) 426-4601 

TWX 510-600-7740 


ILLINOIS 

Eagle Technical Sales, Inc. 
1805 B. Hicks Rd. 

Rolling Meadows, IL 60008 
(312) 991-0700 


INDIANA 

M/S Sales Associates, Inc.* 
7319 W. Jefferson Blvd. 

Ft. Wayne, IN 46804 

(219) 436-3023 

FAX (219) 436-3026 


M/S Sales Associates, Inc. 
1425 E. 86th St. 
Indianapolis, IN 46240 
(317) 257-8916 


* Home Office 


IOWA. 

Rep Associates* 
980 Arica Ave. 
Marion, IA 52302: 
(319) 373-0152 


KANSAS 

Rush & West Associates 
107 N. Chester Street 
Olathe, KS 66061 | 

(913) 764-2700 

TWX 910-380-8110 


MARYLAND 

Tri-Mark Inc. 

1410 Crain Hwy, NW 
Glen Burnie, MD 21061 
(301) 761-6000 

FAX (301) 761-6006 


MASSACHUSETTS 
A/D Nova Sales, Inc” 
83 Cambridge St. 
Suite 2D ~ 
Burlington, MA 01803 
(617) 270-9600 

FAX (617) 272-2467 


Conti-Younger Assoc." 
12 Blanchard Rd. — 
Burlington, MA 01803 
(617) 273-1583 

FAX (617) 270-0301 


MICHIGAN 

Electronic Sources, Inc.* 
8014 W. Grand River 
Suite 6 

Brighton, MI 48116 
(313) 227-3598 

FAX (313) 227-5655 


Centech, Inc.* 

10312 E. 63rd Terrace 
Raytown, Mi 64133 
(816) 358-8100 


MINNESOTA . 
Horizon* earns 

8053 East Bloomington Freeway | 
Bloomington, MN 55420. © 
(612) 884-6515 m8 

FAX (612) 888-3073 


MISSOURI 

Rush & West Associates* 
2170 Mason Rd. , 
St. Louis, MO 63131 
(314) 965-3322 

TWX 910-752-653 
TELEX 752 653 


NEW JERSEY 

Tritek Sales, Inc.* 

21 E. Euclid Ave. 

Haddonfield, NJ 08033 

(609) 429-1551 

TWX 215-627-0149 (Philadelphia Line) 
TWX 710-896-0881 


NE Components* 
189-191 Godwin Ave. 
Wyckoff, NJ 07481 
(201) 848-1100 


NEW YORK 

Empire Technical Assoc." 
33 West State St. 

Suite 211B 

Binghamton, NY 13901 
(607) 772-0651 , 


Empire Technical Assoc. 
1551 E. Genesse St. 
Skaneateles, NY 13152 
(315) 685-5703 


GT Sales* 

34 Grand Blvd. 
Brentwood, NY 11717 
(516) 231-0270 

FAX (516) 273-1247 


REPRESENTATIVES 


OHIO 

Five Star Electronics’ 
6200 S.O.M. Center Road 
Suite B 21 

Solon, OH 44139 

(216) 349-1611 


Tom Mulligan Co” 

166 N.W. Professional Plaza 
Columbus, OH 43220 

(614) 457-2242 


PENNSYLVANIA 

M. Lader Company” 
456 Germantown Pike 
Lafayette Hill, PA 19444 
(215) 825-3177 


WISCONSIN 

Heartland Technical Marketing’ 
3846 Wisconsin Ave, 
Milwaukee, WI 53208 

(414) 931-0606 


CANADA 

Solution Electronic Sales* 
100A 3380 Maquinna Dr. 
Vancouver, B.C. V5S 4C9' 
(604) 438-0679 





U.S. AND CANADIAN DISTRIBUTORS 





ALABAMA 

Marshall tndustries 
3313 S. Memorial Pkwy. 
Huntsville, AL 35801 
(205) 881-9235 


Quality Components, S.E. 
4900 University Square #207 
Huntsville, AL 35817 

(205) 830-1881 


Pioneer Technologies Group 
4825 University Square 
Huntsville, AL 35805 

(205) 837-9300 


Schweber Electronics 
4930-A Corporate Drive 
Huntsville, AL 35805 
(205) 895-0480 


ARIZONA 

Kierulff Electronics 
4134 E. Wood Street 
Phoenix, AZ 85040 
(602) 437-0750 


Marshall Industries 
835 West 22nd St. 
Tempe, AZ 85282 
(602) 968-6181 


Schweber Electronics 
11049 North 23rd Drive 
Suite 100 

Phoenix, AZ 85029 
(602) 997-4874 


ARKANSAS 
See Oklahoma 


CALIFORNIA 

Integrated Electronics Corp. 
7000 Franklin Blvd., Suite 625 
Sacramento, CA 95823 

(916) 424-5297 


Integrated Electronics Corp. 
2170 Paragon Drive 

San Jose, CA 95131 

(408) 435-1000 


ITAL Sales 

15405 Proctor Avenue 
City of Industry, CA 91745 
(818) 968-8515 


Kierulff Electronics 
9800 Variel Avenue 
Chatsworth, CA 91311 
(818) 407-2500 


Kierulff Electronics 
5650 Jillson St. 

Los Angeles, CA 90040 
(213) 725-0325 


Kierulff Electronics 
8797 Balboa Avenue 
San Diego, CA 92123 
(619) 278-2112 


Kierulff Electronics 
1180 Murphy Avenue 
San Jose, CA 95131 
(408) 971-2600 


Kierulff Electronics 
14101 Franklin Avenue 
Tustin, CA 92680 
(714) 731-5711 


Marshall Industries 
One Morgan 
Irvine, CA 92715 
(714) 458-5395 


Marshall Industries 
9710 DeSoto Avenue 
Chatsworth, CA 91311 
(818) 407-0101 


Marshall tndustries 

3039 Kilgore Ave., #140 
Rancho Cordova, CA 95670 
(916) 635-9700 


Marshall Industries 
10105 Carroll Canyon Rd. 
San Diego, CA 92131 
(619) 578-9600 


Marshall Industries 
336 Los Coches St. 
Milpitas, CA 95035 
(408) 943-4600 


Schweber Electronics 
21139 Victory Blvd. 
Conoga Park, CA 91303 
(818) 999-4702 


Schweber Electronics 
1225 West 190th Street 
Suite 360 

Gardena, CA 90248 
(213) 327-8409 


Schweber Electronics 
17822 Gillette Avenue 
Irvine, CA 92714 

(714) 863-0264 

FAX (714) 863-0200 (X500) 


Schweber Electronics 
1771 Tribute Rd. Suite B 
Sacramento, CA 95815 
(916) 929-9732 

FAX (916) 929-5608 


Schweber Electronics 
6750 Nancy Ridge Drive 
San Diego, CA 92121 
(619) 450-0454 

TWX 910-335-1155 


Schweber Electronics 
90 E. Tasman Drive 
San Jose, CA 95131 
(408) 946-7171 


Zeus Components 
1130 Hawk Circle 
Anaheim, CA 92807 
(714) 632-6880 
TWX 910-591-1696 
FAX (714) 630-8770 


Zeus Components 

1580 Old Oakland Road 
Suite C205/C206 

San Jose, CA 95131 
(408) 998-5121 

TWX 408-628-96083 
FAX (408) 998-0285 


COLORADO 

Integrated Electronics Corp. 
5750 N. Logan Street 
Denver, CO 80216 

(303) 292-6121 


Kierulff Electronics 
7060 South Tuscon Way 
Englewood, CO 80112 
(303) 790-4444 


Marshall Industries 
7000 North Broadway 
Denver, CO 80221 
(303) 427-1818 


Schweber Electronics 
8955 E. Nicholas, Bldg. 2 
Englewood, CO 80221 
(303) 799-0258 


CONNECTICUT 
Greene-Shaw 

1475 Whalley Avenue 
New Haven, CT 06525 
(203) 397-0710 

TWX 92-2498 


Marshall Industries 

20 Sterling Drive 

Barnes Industrial Park, N. 
PO. Box 200 

Wallingford, CT 06492-0200 
(203) 265-3822 


Pioneer-Standard 
112 Main Street 
Norwalk, CT 06851 
(203) 853-1515 
TWX 710-468-3373 
FAX (203) 838-9901 


Schweber Electronics 
Commercial Industrial Park 
Finance Drive 

Danbury, CT 06810 

(203) 748-7080 

TWX 710-456-9405 


DELAWARE 
See New Jersey 
Pennsylvania 


FLORIDA 

All American Semiconductor 
16251 N.W. 54th Avenue 
Miami, FL 33014 

(305) 621-8282 

800-327-6237 


Marshall Industries 
4205 34th St., S.W. 
Orlando, FL 32811 
(305) 841-1878 
(305) 841-1878 


Pioneer Technologies Group 
337 S. North Lake, #1000 
Altamonte Springs, FL 32701 
(305) 834-9090 

TWX 810-853-0284 


Pioneer Technologies Group 
674 S. Military Trail 

Deerfield Beach, FL 33441 
(305) 428-8877 

TWX 510-955-9653 


Schweber Electronics 

215 North Lake Blvd. 
Altamonte Springs, FL 32701 
(305) 331-7555 

TWX 510-954-0304 


Schweber Electronics 

3665 Park Central Blvd. N. 
Pompano Beach, FL 33064 
(305) 977-7511 

TWX 510-954-0304 


Zeus Components 
1750 West Broadway 
Suite 114 

Oviedo, FL 32765 
(305) 365-3000 
TWX 910-380-7430 
FAX (305) 365-2356 


GEORGIA 

Dixie Electronics 

1234 Gordon Park Road 
Augusta, GA 30901 
(404) 722-2055 


Pioneer Technologies Group 
3100 F. Northwoods Place 
Norcross, GA 30071 

(404) 448-1711 

TWX 810-766-4515 


Quality Components 
6145 N. Belt Parkway #B 
Norcross, GA 30071 
(404) 449-9508 

TWX 510-601-5297 
629-32421 


Schweber Electronics 
303 Research Drive 
Suite 210 

Norcross, GA 30092 
(404) 449-9170 

TWX 810-766-1592 


ILLINOIS 

Advent Electronics 
7110-16 N. Lyndon St. 
Rosemont, IL 60018 
(312) 297-6200 


Kierulff Electronics 
1140 W. Thorndale Ave. 
Itasca, IL 60143 

(312) 250-0500 


Marshall Industries 
1261 Wiley Road 

#F 

Schaumburg, IL 60195 
(312) 490-0155 


Pioneer-Standard 

1551 Carmen Drive 

Elk Grove Village, IL 60007 
(312) 437-9680 


Schweber Electronics 

904 Cambridge Drive 

Elk Grove Village, IL 60007 
(312) 364-3750 

TWX 910-222-3453 
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INDIANA 

Advent Electronics 
8446 Moller Road 
Indianapolis, IN 46268 
(317) 872-4910 

TWX 810-341-3228 


Marshall Industries 
6990 Corporate Dr. 
Indianapolis, IN 46278 
(317) 297-0483 


Pioneer-Standard 

6408 Castleplace Drive 
Indianapolis, IN 46250 
(317) 849-7300 

TWX 810-260-1794 


IOWA 

Advent Electronics 

682 58th Avenue, Ct. SW 
Cedar Rapids, !|A 52404 
(319) 363-0221 

TWX 910-525-1337 


Schweber Electronics 
5270 North Park Place, NE 
Cedar Rapids, IA 52402 
(319) 373-1417 


KANSAS 

Marshall Industries 
8321 Melrose Dr. 
Lenexa, KS 66214 
(913) 492-3121 


Schweber Electronics 
10300 West 103rd Street 
Suite 200 

Overland Park, KS 66214 
(913) 492-2922 


‘KENTUCKY 
See Indiana 


LOUISIANA 
See Texas 


MAINE 
See Massachusetts 


MARYLAND 

Marshall Industries 
8445 Helgerman Court 
Gaithersburg, MD 20877 
(301) 840-9450 


Pioneer Technologies Group 
9100 Gaither Road 
Gaithersburg, MD 20877 
(301) 921-0660 

TWX 710-828-0545 


Schweber Electronics 
9330 Gaither Road 
Gaithersburg, .MD 20877 
(301) 840-5900 

TWX 710-828-9749 


Zeus Components 
8930-A Route 108 
Columbia, MD 21045 
(301) 997-1118 

TWX 910-380-3554 
FAX (301) 964-9784 


MASSACHUSETTS 
Greene-Shaw 

70 Bridge Street 
Newton, MA 02195 
(617) 969-8900 
TWX 92 2498 


Kierulff Electronics 
13 Fortune Drive 
Billerica, MA 01821 
(617) 667-8331 


Lionex Corporation 

36 Jonspin Road 
Wilmington, MA 01887 
(617) 657-5170 

FAX (617) 657-6008 


Marshall Industries 
One Wilshire Road 
Burlington, MA 01803 
(617) 272-8200 


Pioneer-Standard 
44 Hartwell Ave. 
Lexington, MA 02173 


Schweber Electronics 
25 Wiggins Avenue 
Bedford, MA 01730 
(617) 275-5100 

TWX 710-326-0268 


Zeus Components 


' 429 Marrett Road 


Lexington, MA 02173 
(617) 863-8800 

TWX 710-326-7604 
FAX (617) 863-8807 


MICHIGAN 

Advent Electronics 

24713 Crestview Ct. 
Farmington Hills, MI 48018 
(313) 477-1650 


Pioneer-Standard 

4505 Broadmoor Avenue SE 
Grand Rapids, MI 49508 
(616) 698-1800 

TWX 510-600-8456 


Pioneer-Standard 
13485 Stamford 
Livonia, MI 48150 
(313) 525-1800 
TWX 810-242-3271 


Schweber Electronics 

12060 Hubbard Ave. CN3306 
Livonia, Ml 48150 

(313) 525-8100 

TWX 810-242-2983 


MINNESOTA 


- Kierulff Electronics 


7667 Cahill Road 
Edina, MN 55435 
(612) 941-7500 


Marshall Industries 
3800 Annapolis Lane 
Plymouth, MN 55441 
(612) 559-2211 


Pioneer Standard 
10203 Bren Road East 
Minnetonka, MN 55343 
(612) 935-5444 

TWX 910-576-2738 


Schweber Electronics 
7424 W. 78th Street 
Edina, MN 55435 
(612) 941-5280 

TWX 910-576-3167 


MISSISSIPPI 
See Texas 


MISSOURI 

Kierulff Electronics 
11804 Borman Drive 
St. Louis, MO 63146 
(314) 997-4956 

TWX 910-762-0721 


Schweber Electronics 

502 Earth City Expressway 
Suite 203 

Earth City, MO 63045 
(314) 739-0526 

TWX 43-4065 


MONTANA 
See California 


NEBRASKA 
See lowa 


NEW HAMPSHIRE 
Schweber Electronics 
Bedford Farms Bldg. #2 
Manchester, NH 03102 
(603) 625-2250 

TWX 710-220-7572 

FAX (603) 625-5710 


NEW JERSEY 
Kierulff Electronics 
37 Kulick Road 
Fairfield, NJ 07006 
(201) 575-6750 


Marshall industries 
101 Fairfield Rd. 
Fairfield, NJ 07006 
(201) 882-0320 


Pioneer-Standard 

45 Route 46 

Pine Brook, NJ 07058 
(201) 575-3510 

TWX 710-734-4382 


Schweber Electronics 
18 Madison Road 
Fairfield, NU 07006 
(201) 227-7880 

TWX 710-734-4305 


Solid State 

46 Farrand Street 
Bloomfield, NJ 07003 
(201) 429-8700 

TWX 710-994-4780 
FAX (201) 429-8683 


NEW YORK 

Add Electronics 

7 Adler Drive 

E. Syracuse, NY 13057 
(315) 437-0300 


Add Electronics 
7375 Pittsford-Victor Rd. 
Victor, NY 14564 


Marshall industries 
129 Brown St. 
Johnson City, NY 13790 


Marshall Industries 
1280 Scottsville Rd. 
Rochester, NY 14624 


Nu-Horizons Electronics 
6000 New Horizons Blvd. 
N. Amityville, NY 11701 
(516) 226-6000 


vill 


Pioneer-Standard 
840 Fairport Park 
Fairport, NY 14450 
(716) 381-7070 
TWX 510-253-7001 
FAX (716) 381-5955 


Pioneer-Standard 

1806 Vestal Pkwy. East 
Vestal, NY 13850 

(607) 748-8211 

TWX 510-252-0893 


Pioneer-Standard 
Crossways Park West 
Woodbury, NY 11797 
(516) 921-8700 

TWX 510-221-2184 
FAX (516) 921-2143 


Schweber Electronics 
3 Townline Circle 


.Rochester, NY 14623 


(716) 424-2222 
TWX 710-541-0601 


Schweber Electronics 
Jericho Turnpike 
Westbury, NY 11590 
(516) 334-7474 

TWX 510-220-1365 


Zeus Components 

100 Midland Avenue 
Port Chester, NY 10573 
(914) 937-7400 

TWX 710-567-1248 

FAX (914) 937-2553 


NORTH CAROLINA 
Dixie Electronics 
2220 S. Tryon Street 
Charlotte, NC 28234 
(704) 377-4348 


Dixie Electronics 

1021 R. Burke St. 
Winston-Salem, NC 27102 
(919) 724-5961 


Hammond Electronics 
2923 Pacific Avenue 
Greensboro, NC 27406 
(919) 275-6391 

TWX 628-94645 


Pioneer Technologies Group 
9801 A Southern Pine Blvd. 
Charlotte, NC 28210 — 

(704) 527-8188 

TWX 810-621-0366 


Quality Components, S.E. 
2940-15 Trawick Road 
Raleigh, NC 27604 

(919) 876-7767 


Schweber Electronics 
5285 North Bivd. 
Raleigh, NC 27604 
(919) 876-0000 

TWX 510-928-0531 


NORTH DAKOTA 
See Minnesota 


OHIO 

Kierulff Electronics 

476 Windsor Park Drive 
Dayton, OH 45459 
(513) 439-0045 
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OHIO (cont.) 
Marshall Industries 
6212 Executive Bivd. 
Dayton, OH 45424 
(513) 236-8088 


Marshall Industries 
59058 Harper Road 
Solon, OH 44139 
(216) 248-1788 


Pioneer-Standard 
4800 East 131st Street 
Cleveland, OH 44105 
(216) 587-3600 

TWX 810-421-0011 


Pioneer-Standard 
4433 Interpoint Blvd. 
Dayton, OH 45424 
(513) 236-9900 

TWX 810-459-1622 


Schweber Electronics 
23880 Commerce Park Rd. 
Beachwood, OH 44122 
(216) 464-2970 

TWX 810-427-9441 


Schweber Electronics 
7865 Paragon Road 
Suite 210 

Dayton, OH 45459 
(513) 439-1800 


Zeus (Televox) 
2593 Lance Drive 
Dayton, OH 45409 
(513) 294-4499 
TWX 75-9251 

FAX (513) 294-6620 


OKLAHOMA 

Quality Components 
9934 East 21st South 
Tulsa, OK 74129 
(918) 664-8812 

TWX 910-860-5459 
629-28599 


Schweber Electronics 
4815 South Sheridan 
Fountain Plaza, Suite 109 
Tulsa, OK 74145 

(918) 622-8000 


OREGON 

Almac Electronics Corp. 
1885 N.W. 169th Place 
Beaverton, OR 98006 
(503) 629-8090 

FAX (503) 645-0611 
TWX 910-467-8743 


Kierulff Electronics 

14273 NW. Science Park Drive 
Portland, OR 97229 

(503) 641-9150 


Marshall Industries 
8333 SW. Cirrus Dr. 
Beaverton, OR 97005 
(503) 644-5050 


PENNSYLVANIA 
Almo Electronics, Inc. 
9815 Roosevelt Blvd. 
Philadelphia, PA 19114 
(215) 698-4063 

TLX 476-1218 

FAX (215) 969-6768 


Pioneer-Standard 
259 Kappa Drive 
Pittsburgh, PA 15238 
(412) 782-2300 

TWX 710- 795-3122 


Pioneer Technologies Group 
261 Gibraltar Road 
Horsham, PA 19044 

(215) 674-4000 

TWX 510-665-6778 


Schweber Electronics 
900 Business Center Dr. 
Horsham, PA 19044 
(215) 441-0600 

TWX 510-665-6540 


Schweber Electronics 
1000 R.|.D.C. Plaza 
Suite 203 

Pittsburgh, PA 15238 
(412) 782-1600 

TWX 810-427-9441 


RHODE ISLAND 
See Massachusetts 
New York 


SOUTH CAROLINA 
Dixie Electronics 
1900 Barnwell Street 
Columbia, SC 29202 
(803) 779-5332 

TLX 810-666-2620 
FAX (803) 765-9276 


Dixie Electronics 
4909 Pelham Rd. 
Greenville, SC 29606 
(803) 297-1435 


Dixie Electronics 

#6 Pepperhill Square 
7525 Brandywine Road 
N. Charleston, SC 29410 
(803) 552-2671 


SOUTH DAKOTA 
See Minnesota 


TENNESSEE 

Dixie Electronics 

Box 8215 Suncrest Drive 
Gray, TN 37615 

(615) 477-3838 


Dixie Electronics 
6408 Clinton Highway 
Knoxville, TN 27912 
(615) 938-4131 


TEXAS 

Kierulff Electronics 
3007 Longhorn Blvd. 
Austin, TX 78759 


Kierulff Electronics 
9610 Skillman Ave. 
Dallas, TX 75243 
(214) 343-2400 


Marshall Industries 
2045 Chenault St. 
Carrollton, TX 75006 
(214) 233-5200 

FAX (214) 770-0675 


Pioneer-Standard 
13710 Omega Road 
Dallas, TX 75234 
(214) 386-7300 
TWX 910-860-5563 


Pioneer-Standard 
9901 Burnet Road 
Austin, TX 78758 
(512) 835-4000 
TWX 910-874-1323 


Pioneer-Standard 
5853 Point West Drive 
Houston, TX 77036 
(713) 988-5555 

TWX 910-881-1606 


Quality Components 
4257 Kellway Circle 
Addison, TX 75001 
(214) 733-4300 
TWX 910-860-5459 


Quality Components 
1005 Industrial Blvd. 
Sugarland, TX 77478 
(713) 240-2255 

TWX 629 27026 


Quality Components 
2120 M. Braker Lane 
Austin, TX 78758 
(512) 835-0220 

TWX 324930 


Schweber Electronics 
4202 Beltway Drive 
Dallas, TX 75234 
(214) 661-5010 

TWX 910-860-5493 


Schweber Electronics 
6300 La Calma Drive 
Suite 240 

Austin, TX 78752 
(512) 458-8253 

TWX 910-874-2045 


Schweber Electronics 
10625 Richmond, Suite 100 
Houston, TX 77042 

(713) 784-3600 

TWX 910-881-4836 


Zeus Components 
1800 North Glenville 
Suite 120 
Richardson, TX 75081 
(214) 783-7010 

TWX 910-867-9422 
FAX (214) 234-4385 


UTAH 

Integrated Electronics Corp. 
101 N. 700 West 

N. Salt Lake City, UT 84054 
(801) 298-1869 


Kierulff Electronics 

1846 Parkway Blvd. 

Salt Lake City, UT 84119 
(801) 973-6913 


Marshall Industries 

3501 South Main St. 
Salt Lake City, UT 84115 
(801) 261-0901 


VERMONT 
See New York 


VIRGINIA 
See Maryland 


WASHINGTON 

Almac Electronics Corp. 
14360 S.E. Eastgate Way 
Bellevue, WA 98007 
(206) 643-9992 

TWX 910-444-2067 

FAX (206) 746-7425 


Almac Electronics Corp. 
East 10905 Montgomery 
Spokane, WA 99206 
(509) 924-9500 

TWX 510-773-1855 

FAX (509) 928-6096 


Kierulff Electronics 
19450 68th Ave. 

South Kent, WA 98032 
(206) 575-4420 


Marshall industries 
14102 N.E. 21st St. 
Bellevue, WA 98007 
(206) 747-9100 


WASHINGTON D.C. 
See Maryland 


WEST VIRGINIA 

See Ohio 
Pennsylvania 
Maryland 


WISCONSIN 

Kierulff Electronics 

2238-E West Bluemound Road 
Waukesha, WI 53186 

(414) 784-8160 


Marshall Industries 

235 North Executive Dr. 
#305 

Brookfield, W! 53005 
(414) 797-8400 


Schweber Electronics 
3050 South Calhoun Rd. 
New Berlin, WI 53151 
(414) 784-9020 


WYOMING 
See Oregon 
Washington 


CANADA 

R.A.E. Industrial 
3455 Gardner Court 
Burnaby, B.C. 

(604) 291-8866 
TWX 610-929-3065 


R.A.E. Industrial 
11680 170th Street 
Edmonton, Alberta 
T5S 1J7 

(403) 451-4001 
TWX 037-2653 


Zentronics 

8 Tilbury Court 
Brampton, Ontario 
L6T 374 

(416) 451-9600 
TWX 06-97678 

FAX (416) 451-8320 
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CANADA (cont.) 
Zentronics 

3300-14 Ave., NE Bay #1 
Calgary, Alberta 

T2A 6J4 

(403) 272-1021 


Zentronics 

155 Colonnade, S. #17/18 
Nepean, Ontario 

K2E 7K1 , 

(613) 226-8840 

TWX 06-97698 


Zentronics 

11400 Bridgeport Rd. #108 
Richmond, B.C. 

V6X 1T2 

(604) 273-5575 

TWX 04-355844 


Zentronics 

817 McCaffrey Street 
St. Laurent, Quebec 
H4T 1N3 

(514) 737-9700 

TWX 05-824826 


zentronics 
564 Weber Street, N. #1 
Waterloo, Ontario 

N21 5C6 

(519) 884-5700 

TWX 06-97678 


Zentronics 

590 Berry Street 
Winnipeg, Manitoba 
R3H 0S1 

(204) 775-8661 
TWX 06-97678 


Future Electronics 
3220 5th Avenue, N.E. 
Calgary, Alberta 

T2A 5N1 

(403) 235-5325 


Future Electronics 


82 St. Regis Crescent N. 


Downsview, Ontario 
M3J 1Z3 

(416) 638-4771 
TWX 610-491-1470 
FAX (416) 638-2936 


Future Electronics 

5312 Calgary Trail South 
Edmonton, Alberta 

T6H 4J8 

(403) 438-2858 


Future Electronics 
Hymus Blvd. 

Pointe Claire 
Montreal, Quebec 
HOR 5C7 

(514) 694-7710 

TWX 610-421-3251 or 
610-421-3500 

FAX (514) 695-3707 or 
(514) 694-0062 


Future Electronics 
Baxter Center 
1050 Baxter Road 
Ottawa, Ontario 
K2C 3P2 

(613) 820-8313 
TWX 610-563-1697 
FAX (613) 820-3271 


Future Electronics 
1695 Boundary Road 
Vancouver, B.C. 

B5K 4X7 

(604) 294-1166 

TLX 04354744 

FAX (604) 294-1206 


Future Electronics 

444 Sharon Bay 
Winnipeg, Manitoba 

R2G 0H7 
(604) 294-1166 (Vancouver) 


CHAPTER 1 - 6800 MICROPROCESSORS 


6800 MICROPROCESSORS SELECTION GUIDE 


Part number 


EF6802 
EF68A02 
EF68B02 


EF6803 

EF6803-1 
EF68A03 
EF68B03 


EF6803U4 
EF6803U4-1 
EF68A03U4 


EF6809 
EF68A09 
EF68B09 


EF6809E 
EF68A09E 
EF68BO09E 


Description 


8-bit MPU - 128 bytes of RAM - On-chip oscillator 
Expandable up to 64 Kbytes - 72 instructions 


7 addressing modes - 6800 compatible 


8-bit MPU - 128 bytes of RAM - 
Multiplexed address and data bus - 


16-bit address bus - 8 x 8 multiply - Serial 


communication interface - 16-bit timer 
6800 compatible 


8-bit MPU - 192 bytes of RAM - 
Multiplexed address and data bus - 


16-bit address bus - 8 x 8 multiply - Serial 
communication interface - 16-bits enhanced 


timer - 6800 compatible 


High performance 8-bit MPU with on-chip 
clock - 64 Kbytes addressing space - Internal 


16-bit structure - 59 instruction types - 


10 addressing modes - 6800 compatible 


External clock version of EF6809 
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Technology 


NMOS 


HMOS 


HMOS 


HMOS 


HMOS 


Alt source 


MC6802 
MC68A02 
MC68B02 


MC6803 

MC6803-1 
MC68A03 
MC68B03 


MC6803U4 
MC6803U4-1 
MC68A03U4 


MC6809 
MC68A09 
MC68B09 


MC6809E 
MC68A09E 
MC68B09E 


CLK freq. 
(MHz) 


Page 


1-3 


1-27 


1-67 


1-111 


1-151 
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THOMSON) 


COMPONENTS 


EF6802 ¢EF6808 
__ MICROPROCESSOR WITH CLOCK AND OPTIONAL RAM 
a 


MOSTEK 


















The EF6802 is a monolithic 8-bit microprocessor that contains all the 
registers and accumulators of the present EF6800 plus an internal 
clock oscillator and driver on the samechip. In addition, the EF6802 
has 128 bytes of on-board RAM located at hex addresses $0000 to 
SOO7F. The first 32 bytes of RAM, at hex addresses $0000 to $001F, 
may be retained in a low power mode by utilizing VCC standby ; thus, 
facilitating memory retention during a power-down situation. 

The EF6802 is completely software compatible with the EF6800 as 
well as the entire EF6800 family of parts. Hence, the EF6802 is ex- 
pandable to 64K words. 

The EF6808 is identical.to the EF6802 without on-board RAM. 


@ On-Chip Clock Circuit 

@ 128x8 Bit On-Chip RAM 

@ 32 Bytes of RAM are Retainable 

@ Software-Compatible with the EF 6800 

@ Expandable to 64K Words 

@ Standard TTL-Compatible Inputs and Outputs 
@ 8-Bit Word Size 

@ 16-Bit Memory Addressing 

@ Interrupt Capability 


@ Three available versions : EF6802/08 (1.0 MHz), EF68A02/08 
(1.5 MHz), EF68B02/08 (2.0 MHz). 


MOS 


(N-CHANNEL, SILICON-GATE, 
DEPLETION LOAD) 


MiCROPROCESSOR 
WITH CLOCK AND OPTIONAL RAM 


P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 


C SUFFIX 
CERAMIC PACKAGE 


FN SUFFIX E SUFFIX 
PLCC 44 LCCC 44 


Hi-Rel versions available - See chapter 9 
TYPICAL MICROCOMPUTER 


PIN ASSIGNMENT 
Vcc VCe 
O) 


Counter/ 
Timer |/O 


RESET 


Parallel 
1/0 


EF6846 
RON, |/0, Timer 


CSO 


2k Bytes ROM 
10 1/0 Lines 
3 Lines Timer 


DO-D7 


Clock 
R/W 





TRO 
MR 
VMA 
E 


R/Weeggo2 NMI 


MPU BA 
DO-D7 


Control { 


EXTAL 


AO-A10, 
on CS1 A0-A15 XTAL 


This block diagram shows a typical cost effective microcomputer. The MPU |s 
the center of the microcoputer system and is shown in a minimum system inter- 
facing with a ROM combination chip. ‘t is not intended that this system be 
limited to this function but that it be expandable with other parts in the 6800 
Microcomputer family. 
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*Pin 36 must be tied to ground for the EF6808 








TYPICAL MICROCOMPUTER. 


Vec Vcc Vee — Vec 
- 9 O 


Counter’ This block diagram shows a typical costef- . - 





Timer 1/0 ROM, 1/O, Timer os fective microcomputer. The MPU is the 
RESET “center of the microcomputer system and is 
shown in a minimum system interfacing with 
2k Bytes ROM a ROM combination chip. It is not intended 
10 1/0 Lines Wil that this system be limited to this function 
Pp 3 Lines Timer EF6802 
arallel MPU but that it be expandable with other parts in 
1/0 BA the 6800 Microcomputer family. 
EXTAL 
CP2 , 
Control CPI XTAL 





MAXIMUM RATINGS 


Simba 
Supply Voltage -0.3 to +7.0 
Input Voltage - Input Voltage in -0.3to+7.0 | V | 


Operating Temperature Range 
EF6802, EF680A02, EF680B02 


EF6802, EF68A02, EF68B02: V suffix 
EF6802, EF68A02 : M suffix —55 to + 125 
EFG6808, EF68A08, EF68B08 610-490 


Storage Temperature Range | 56 to +150 | to + 150 ae 


THERMAL CHARACTERISTICS 


Characteristic Symbol! 


This input contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. Reliability of operation is 
enhanced if unused inputs are tied to an ap- 
propriate logic voltage level (e.g., either Vss 
or Vcc). 


























0 to +70 
— 40 to + 85 °C 





Average Thermal Resistance (Junction to Ambient) 
Plastic 6 
Ceramic oN 
PLCC it 


POWER CONSIDERATIONS 





The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty =TaAt fPpeéya) 
Where: 
Ta# Ambient Temperature, °C 
6 5A m= Package Thermal Resistance, Junction-to-Ambient, °C/W 
Pp= PINT +PPORT 
PINT #ICC x Vcc, Watts — Chip Internal Power 
PpORT Port Power Dissipation, Watts — User Determined 
For most applications PPORT<«PiNT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if PPORT is neglected) is: 
Pp =K+(TJ+ 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Ppe(T a +273°C) +0 aePp2 (3) 
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known Ta. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 


(1) 
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DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vdc +5%, Vss=0, Ta =0 to 70°C, unless otherwise noted) 


Logic, EXTAL 
input High Voltage peak ee V 
nia 2 ESET 


1H 
Input Low Voltage Logic, EXTAL, f Vit 
Input Leakage Current (Vi, = 0 to 5.25 V, Vcc = max) Logic lin 
Output High Voltage 
(Load = — 205 nA, Vcc = min) __ _00-D7 
(Load = — 145 2A, Vcc = min) A0-A15, R/W, VMA, E 
(Load = — 100 hA, VCC =min) BA 
Output Low Voltage (ILogg = 1.6 mA, VCC = min) 
Internal Power Dissipation (Measured at T a = 0°C) 









” 
< 
3 
eff 


D 
mr 


































Power Down VSBB 


Vcc Standby Bower Up Ven 
Standby Current 


Capacitance # 
(Vin =0, Ta = 25°C, f= 1.0 MHz) DO-D7 
Logic Inputs, EXTAL 

A0-A15, R/W, VMA 


nm — 
es) Zz 
wo 4 














Cin 


Cout 


“In power-down mode, maximum power dissipation is less than 42 mW. 
#Capacitances are periodically sampled rather than 100% tested. 


CONTROL TIMING (Vcc =5.0 V +5%, Vss=0, Ta=TL to TH, unless otherwise noted) 


EF6802 EF68A02 EF68B02 
Characteristics EF6808 EF68A08 EF68B608 


Frequency of Operation 1.5 
Crystal Frequency 


External Oscillator Frequency 


Crystal Oscillator Start Up Time 
Processor Controls (HALT, MR, RE, R 

Processor Control Setup Time 
Processor Control Rise and Fall Time 

(Does Not Apply to RESET) 
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BUS TIMING CHARACTERISTICS 






Ident. 
Number 


Non-Muxed Address Valid Time to E (See Note 5) ai Fa a feed at 
tAv2 270 

peels 

pare POI 






Characteristic 










re [ool te [3 
Pie Wath Uw | 0 | 00 280 | [710 | SOOT rs 
use wath. High #80 9500 | 280 
ee ee ee 


[Read Data Seup me SSCS tos THOT TO] 
[Read Data Hod tme SS to PO] - ‘| 10] 
‘oow eee) 
‘HW 
525 





* Address and data hold times are periodically tested rather than 100% tested. 


R/W, Address 


FIGURE 2 — BUS TIMING 





(Non-Muxed) 
© : <> 
Read Data MPU Read Data Non-Muxed as i ee 
Non-Muxed ecg \ y 
Note 4 


Write Data 






NOTES: 


1. 
. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. 

_ All electricals shown for the EF6802 apply to the EF6808, unless otherwise noted. 

. Usable access time is computed by: 12+ 3+ 4-17. 

_ If programs are not executed from on-board RAM, TAV1 applies. if programs are to be stored and executed from on-board RAM, TAV2 ap- 


Oo & W NY 


Voltage levels shown are V_ $0.4 V, VyH22.4 V, unless otherwise specified. 


plies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed from on-board 
RAM when using A and B parts (EF68A02, EF68A08, EF68B02, EF68B08). On-board’ RAM can be used for data storage with all parts. 


. All electrical and control characteristics are referenced from: TL=0°C minimum and Ty = 70°C maximum. 
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DELAY TIME (ns) 


FIGURE 3 — BUS TIMING TEST LOAD 


C= 130 pF for DO-D7, E Test Point 
= 90 pF for AO-A15, R/W, and VMA 
= 30 pF for BA 
R=11.7kQ for 00-D7,£ __ 
= 16.5 kM for AO-A15, R/W, and VMA 
= 24 kf for BA 


FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY 
versus CAPACITIVE LOADING 


475V 


Ry =2.2 kQ 
'1N4148 
or Equiv. 


1N916 
or Equiv. 


FIGURE 5 — TYPICAL READ/WRITE, VMA AND 
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING 


600 600 
IOH -205 pA max@2.4V 
lou - }6mA max @04v 
500F Voc -5.0V 500 
400 Z 400 
ad 
= 
300 > 300 
< 
—_ 
Laded 
200 2 





se 
1OH -145 pA max @24V 
lot 16 mA max @04V 








i Fo 
flea 
0 Boe el = 400 aa 600 0 700 200 300 400 500 600 
CL, LOAD CAPACITANCE (pF) CL, LOAD CAPACITANCE (pF) 
FIGURE 6 — EXPANDED BLOCK DIAGRAM 
AIS Al4 A13 Al2 All A10 AQ AB A7 AB AB A4 AZ AQ AI AO 
2% 2 23 #22 20 #19 «18 «#217 16. 4G de is? AS AK “SG... 9 
Output Output 
Buffers Bufters 
J 
poy 36 RAM Enable 
| Control | 
| ne | 1 
| l 
] 


Vcc 
Vss 
Vss 


Non-Maskable Interrupt (NMI) 


Memory Ready 
Enable 
RESET 





HALT 

Interrupt Request (RQ) 
EXTAL 

XTAL 

Bus Available 

Valid Memory Address 
Read/Write (R/W) 


Clock 


Instruction 


Decode 


and 
Control 





Program 
Counter 


Index 


Instruction 
Register 


26 
07 


27 
06 DS D4 


28 


a2 WD 2 


D3 02 


H 


Pointer H 


Register H 


32 
01 


32 Bytes 35 Vcc Standby 


| 
\~< Not Available 
on EF6808 





Program 
Counter | 
Stack 
Pointer | 
Index 
Register L 
Accumulator 
A 
B 


Condition 
Code 
Register 
a 
Pin 8 Data 
Pins1, 21 Buffer ALU 


Pin. 36 for EF6808 


3 
DO 


MPU REGISTERS 


A general block diagram of the EF6802 is shown in 
Figure 6. As shown, the number and configuration of the 
registers are the same as for the EF6800. The 128x8-bit 
RAM™* has been added to the basic MPU. The first 32 
bytes can be retained during power-up and power-down 
conditions via the RE signal. 

The EF6808 is identical to the EF6802 except for 
on-board RAM. Since the EF6808 does not have on-board 
RAM pin 36 must be tied to ground allowing the processor to 
utilize up to 64K bytes of external memory. 

The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 7). 


PROGRAM COUNTER 


The program counter is a two byte (16-bit) register that 
points to the current program address. 


STACK POINTER 


The stack pointer is a two byte register that contains the 
address of the next available location in an external push- 


down/pop-up stack. This stack is normally a random access 
read/write memory that may have any location (address) 
that is convenient. In those applications that require storage 


of information in the stack when power is lost, the stack 
must be non-volatile. 


INDEX REGISTER 


The index register is a two byte register that is used to 
store data or a 16-bit memory address for the indexed mode 
of memory addressing. 


ACCUMULATORS 


The MPU contains two 8-bit accumulators that are used to 
hold operands and results from an arithmetic logic unit 
(ALU). 


CONDITION CODE REGISTER 


The condition code register indicates the results of an 
Arithmetic Logic Unit operation: Negative (N), Zero (Z), 
Overflow (V), Carry from bit 7 (C), and Half Carry from bit 3 
(H). These bits of the Condition Code Register are used as 
testable conditions for the conditional branch instructions. 
Bit 4 is the interrupt mask bit (I). The unused bits of the Con- 
dition Code Register (b6 and b7) are ones. 

Figure 8 shows the order of saving the microprocessor 
Status within the stack. 


*If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, TAV2 ap- 
plies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed from on-board RAM 
when using A and B parts (EF68A02, EF68A08, EF68B02, and EF68B08). On-board RAM can be used for data storage with all parts. 


FIGURE 7 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 


~N 


ACCA 


~N 


ACCB 


5 


-_ 


| 
(o) 


wed 


5 


v 
| 


—_ 


5 


7 


Iie 


fo) 


Accumulator A 


oO 


Accumulator B. 


Index Register 


Le) 


Program Counter 


° 


Stack Pointer 


0) 
Condition Codes 
[+] |[ «[[z|vlc} Reger 


Carry (From Bit 7) 
Overfiow 

Zero 

Negative 

Interrupt 


Half Carry (From Bit 3) 


FIGURE 8 — SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK 


SP = Stack Pointer 


CC = Condition Codes (Also catled the Processor Status Byte) 


ACCB = Accumulator B 

ACCA = Accumulator A 
(XH = Index Register, Higher Order 8 Bits 
(XL = Index Register, Lower Order 8 Bits 
PCH = Program Counter, Higher Order 8 Bits 
PCL = Program Counter, Lower Order 8 Bits 
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MPU SIGNAL DESCRIPTION 


Proper operation of the MPU requires that certain control 
and timing signals be provided to accomplish specific func- 
tions and that other signal lines be monitored to determine 
the state of the processor. These control and timing signals 
are similar to those of the EF6800 except that TSC, DBE, 
$1, $2 input, and two unused pins have been eliminated, 
and the following signal and timing lines have been added: 

RAM Enable (RE) 

Crystal Connections EXTAL and XTAL 

Memory Ready (MR) 

Vcc Standby 

Enable @2 Output (E) 


The following is a Summary of the MPU signals: 


ADDRESS BUS (A0-A15) 


Sixteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90 pF. These 
lines do not have three-state capability. 


DATA BUS (D0-D7) 


Eight pins are used for ‘the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of 
driving one standard TTL load and 130 pF. 

Data bus will be in the output mode when the internal 
RAM is accessed and RE will be high. This prohibits external 
data entering the MPU. It should be noted that the internal 
RAM is fully decoded from $0000 to $007F. External RAM at 
$0000 to $007F must be disabled when internal RAM is ac- 
cessed. 


HALT 

When this input is in the low state, all activity in the 
machine will be halted. This input is level sensitive. In the 
HALT mode, the machine will stop at the end of an instruc- 
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tion, bus available will be at a high state, valid memory ad- 
dress will be at a low state. The address bus will display the 
address of the next instruction. 

To ensure single instruction operation, transition of the 
HALT line must occur tpcs before the falling edge of E and 
the HALT line must go high for one clock cycle. 

HALT should be tied high if not used. This is good 
engineering design practice in general and necessary to en- 
sure proper operation of the part. 





READ/WRITE (R/W) 


This TTL-compatible output signals the peripherals and 
memory devices whether the MPU is in a read (high) or write 
(low) state. The normal standby state of this signal is read 
(high). When the processor is halted, it will be in the read 
State. This output is capable of driving one standard TTL 
load and 90 pF. 


VALID MEMORY ADDRESS (VMA) 


This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this 
signal should be utilized for enabling peripheral interfaces 
such as the PIA and ACIA. This signal is not three-state. One 
standard TTL load and 90 pF may be directly driven by this 
active high signal. 


BUS AVAILABLE (BA) — The bus available signal will nor- 
mally be in the low state; when activated, it will go to the 
high state indicating that the microprocessor has stopped 
and that the address bus is available (but not in a three-state 
condition). This will occur if the HALT line is in the low state 
or the processor is in the WAIT state as a result of the execu- 
tion of a WAIT instruction. At such time, all three-state out- 
put drivers will go to their off-state and other outputs to their 
normally inactive level. The processor is removed from the 





WAIT state by the occurrence of a maskable (mask bit | = 0) 
or nonmaskable interrupt. This output is capable of driving 
one standard TTL load and 30 pF. 


INTERRUPT REQUEST (IRQ) 


A low level on this input requests that an interrupt se- 
quence be generated within the machine. The processor will 
wait until it completes the current instruction that is being 
excuted before it recognizes the request. At that time, if the 
interrupt mask bit in the condition code register is not set, 
the machine will begin an interrupt sequence. The index 
register, program counter, accumulators, and condition 
code register are stored away on the stack. Next the MPU 
will respond to the interrupt request by setting the interrupt 
mask bit high so that no further interrupts may occur. At the 
end of the cycle, a 16-bit vectoring address which is located 
in memory locations $FFF8 and $FFF9 is loaded which 
causes the MPU to branch to an interrupt routine in memory. 

The HALT line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while HALT 
is low. 

A nominal 3 kQ pullup resistor to Vcc should be used for 
wire-OR and optimum control of interrupts. IRQ may be tied 
directly to Vcc if not used. 


RESET 


This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is low, the 
MPU is inactive and the information in the registers will be 
lost. If a high level is detected on the input, this will signal 
the MPU to begin the restart sequence. This will start execu- 





tion of a routine to initialize the processor from its reset con- 
dition. All the higher order address lines will be forced high. 
For the restart, the last two (SFFFE, $FFFF) locations in 
memory will be used to load the program that is addressed 
by the program counter. During the restart routine, the inter- 
rupt mask bit is set and must be reset before the MPU can be 
interrupted by TRO. Power-up and reset timing and power- 
down sequences are shown in Figures 9 and 10, respectively. 

RESET, when brought low, must be held low at least three 
clock cycles. This allows adequate time to respond internally 
to the reset. This is independent of the tro power-up reset 
that is required. 

When RESET is released it must go through the low-to- 
high threshold without bouncing, oscillating, or otherwise 
causing an erroneous reset (less than three clock cycles). 
This may cause improper MPU operation until the next valid 
reset. 


NON-MASKABLE INTERRUPT (NMI) 


A low-going edge on this input requests that a non- 
maskable interrupt sequence be generated within the pro- 
cessor. As with the interrupt request signal, the processor 
will complete the current instruction that is being executed 
before it recognizes the NMI signal. The interrupt mask bit in 
the condition code register has no effect on NMI. 

The index register, program counter, accumulators, and 
condition code registers are stored away on the stack. At the 
end of the cycle, a 16-bit vectoring address which is located 
in memory locations $FFFC and $FFFD is loaded causing the 
MPU to branch to an interrupt service routine in memory. 

A nominal 3 kQ pullup resistor to VCC should be used for 
wire-OR and optimum control of interrupts. NMI may be tied 


FIGURE 9 — POWER-UP AND RESET TIMING 
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(PCr 


NOTE: If option 1 is chosen, RESET and RE pins can be tied together. 


Option 1 
(See Note Below) 


© dass 


_ Option 2 
(See Figure 10 for 
Power-down Condition) 


tPCf 


directly to Vcc if not used. FIGURE 10 — POWER-DOWN SEQUENCE 
Inputs [RO and NMI are hardware interrupt lines that are 
sampled when E is high and will start the interrupt routine on 
a low E following the completion of an instruction. 
Figure 11 is a flowchart describing the major decision 
paths and interrupt vectors of the microprocessor. Table 1 
gives the memory map for interrupt vectors. 


TABLE 1 — MEMORY MAP FOR 
INTERRUPT VECTORS 
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FIGURE 11 — MPU FLOWCHART 
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FIGURE 12 — CRYSTAL SPECIFICATIONS 
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Crystal Loading 










0.01-0.02 pF 
Pop >4K [>a | >20K 20K 


* These are representative AT-cut parallel resonance crystal parameters only. 
Crystals of other types of cuts may also be used. 


Figure 13 — SUGGESTED PC BOARD LAYOUT 


Example of Board Design Using the Crystal Oscillator 


=e mm max 
Ps Signals are Not Wired in this Area 


Lyf lag 





E Signal is Wired Apart from 38 Pin 
a and 39 Pin 
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FIGURE 14 — MEMORY READY SYNCHRONIZATION 
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FIGURE 15 — MR NEGATIVE SETUP TIME REQUIREMENT 


E Clock Stretch 





The E clock will be stretched at end of E high of the cycle during which MR negative meets the tpcs setup time. The tpcs setup time is 
referenced to the fall of E. If the tpcs setup time is not met, E will be stretched at the end of the next E-high “ cycle. E will be stretched tn in- 


tegral multiples of % cycles. 


Resuming E Clocking 


Stretched E 





The E clock will resume normal operation at the end of the % cycle during which MR assertion meets the tpcs setup time. The tpcs setup time 
is referenced to transitions of E were it not stretched. If tpcs setup time is not met, E will fall at the second possible transition time after MR is 
asserted. There is no direct means of determining when the tpcs references occur, unless the synchronizing circuit of Figure 14 is used. 
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RAM ENABLE (RE — EF6802 ONLY) 


A TTL-compatible RAM enable input controls the on-chip 
RAM of the EF6802. When placed in the high state, the on- 
chip memory is enabled to respond to the MPU controls. In 
the low state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
power-down situation. RAM Enable must be low three 
cycles before Vcc goes below 4.75 V during power-down. 
RAM enable must be tied low on theE F6808. RE should be 
tied to the correct high or low state if not used. 


EXTAL AND XTAL 


These inputs are used for the internal oscillator that may 
be crystal controlled. These connections are for a parallel 
resonant fundamental crystal (see Figure 12). (AT-cut.) A 
divide-by-four circuit has been added so a 4 MHz crystal may 
be used in lieu of a 1 MHz crystal for a more cost-effective 
system. An example of the crystal circuit layout is shown in 
Figure 13. Pin 39 may be driven externally by a TTL input 
signal four times the required E clock frequency. Pin 38 is to 
be grounded. 

An RC network is not directly usable as a frequency 
source on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the on-chip oscillator. 


LC networks are not recommended to be used in place of » 


the crystal. 

If an external clock is used, it may not be halted for more 
than tpw@L. The EF6802 and EF6808 are dynamic parts 
except for the internal RAM, and require the external 
clock to retain information. 


MEMORY READY (MR) - 


MR is a TTL-compatible input signal controlling the stret- 
ching of E. Use of MR requires synchronization with the 4xfg 
signal, as shown in Figure 14. When MR is high, E will be in 
normal operation. When MR is low, E will be stretched in- 
tegral numbers of half periods, thus allowing interface to 
slow memories. Memory Ready timing is shown in Figure 15. 

MR should be tied high (connected directly to Vcc) if not 
used. This is necessary to ensure proper operation of the 
part. A maximum stretch is toyc. 


ENABLE (E) 

This pin supplies the clock for the MPU and the rest of the 
system. This is a single-phase, TTL-compatible clock. This 
clock may be conditioned by a memory read signal. This is 
equivalent to ¢2 on the EF6800. This output is capable of 
driving one standard TTL load and 130 pF. 


Vcc STANDBY (EF6802 ONLY) 

This pin supplies the dc voltage to the first 32 bytes of 
RAM as well as the RAM Enable (RE) control logic. Thus, 
retention of data in this portion of the RAM on a power-up, 
power-down, or standby condition is guaranteed. Maximum 
current drain at VSgB maximum is IspB. 


MPU INSTRUCTION SET 


The instruction set has 72 different instructions. Included 
are binary and decimal arithmetic, logical, shift, rotate, load, 
store, conditional or unconditional branch, interrupt and 
stack manipulation instructions (Tables 2 through 6). The in- 
struction set is the same as that for the EF6800. 


MPU ADDRESSING MODES 


There are seven address modes that can be used by a pro- 
grammer, with the addressing mode a function of both the 
type of instruction and the coding within the instruction. A 
summary of the addressing modes for a particular instruction 
can be found in Table 7 along with the associated instruction 
execution time that is given in machine cycles. With a bus 
frequency of 1 MHz, these times would be microseconds. 


ACCUMULATOR (ACCX) ADDRESSING 


In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions. 


IMMEDIATE ADDRESSING 


In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which 
have the operand in the second and third bytes of the in- 
struction. The MPU addresses this location when it fetches 
the immediate instruction for execution. These are two- or 
three-byte instructions. 


DIRECT ADDRESSING 


In direct addressing, the address of the operand is contain- 
ed in the second byte of the instruction. Direct addressing 
allows the user to directly address the lowest 256 bytes in the 
machine, i.e., locations zero through 265. Enhanced execu- 
tion times are achieved by storing data in these locations. in 
most Configurations, it should be a random-access memory. 
These are two-byte instructions. 


EXTENDED ADDRESSING 


In extended addressing, the address contained in the se- 
cond byte of the instruction is used as the higher eight bits of 
the address of the operand. The third byte of the instruction 
is used as the lower eight bits of the address for the operand. 
This is an absolute address in memory. These are three-byte 
instructions. 


INDEXED ADDRESSING 


In indexed addressing, the address contained in the se- 
cond byte of the instruction is added to the index register’s 
lowest eight bits in the MPU. The carry is then added to the 
higher order eight bits of the index register. This result is 
then used to address memory. The modified address is held 
in a temporary address register so there is no change to the 
index register. These are two-byte instructions. 


IMPLIED ADDRESSING byte of the instruction is added to the program counter’s 


In the implied addressing mode, the instruction gives the lowest eight bits plus two. The carry or borrow 's then added 
address (i.e., stack pointer, index register, etc.). These are to the high eight bits. This allows the user to address data 
one-byte instructions. within a range of — 125 to + 129 bytes of the present instruc- 


tion. These are two-byte instructions. 
RELATIVE ADDRESSING 
In relative addressing, the address contained in the second 


TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABETIC SEQUENCE 


Add Accumulators Clear Pull Data 
Add with Carry Clear Overflow Rotate Left 
ese fore ee Rotate Right 
og mplemen Return from Interrupt 
Ainetic She Lett Compare Index Register Return from Subroutine 
Arithmetic Shift Right yee 
Decimal Adjust 


Branch if Carry Clear Decrement 

Branch if Carry Set Decrement Stack Pointer 
Branch if Equal to Zero Decrement Index Register 
Branch if Greater or Equal Zero 
Branch if Greater than Zero 
Branch if Higher Increment 

Bit Test Increment Stack Pointer 
Branch if Less or Equal Increment Index Register 
Branch ‘if Lower or Same 
Branch if Less than Zero 
Branch if Minus Transfer Accumulators 

Branch if Not Equal to Zero Load Accumulator Transfer Accumulators to Condition Code Reg. 
Branch if Plus Load Stack Pointer Transfer Accumulators 

Branch Always Load Index Register Transfer Condition Code Reg. to Accumulator 
Branch to Subroutine Logical Shift Right Test 

Branch if Overflow Clear Neast Transfer Stack Pointer to Index Register 
Branch if Overflow Set legate Transfer Index Register to Stack Pointer 


No Operation 
Compare Accumulators 
Clear Carry Inclusive OR Accumulator 


Clear Interrupt Mask Push Data 


Subtract Accumulators 
Subtract with Carry 
Set Carry 

Set Interrupt Mask 
Exclusive OR Set Overflow 

Store Accumulator 
Store Stack Register 
Store Index Register 
Subtract 


Jump Software Interrupt 
Jump to Subroutine 


Wait for Interrupt 
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS 


OPERATIONS 
Add 


MNEMONIC 
Add Acmitrs 

Add with Carry 

And 

Bit Test 


Clear 


Compare 


Compare Acmitrs 
Complement, 1's 


Complement, 2's 
(Negate) 


Decimal Adjust, A 


Decrement 


Exclusive OR 


Increment 


Load Acmitr 


Or, Inclusive 
Push Data 
Pull Data 


Rotate Left 


Rotate Right 


Shift Left, Arithmetic 


Shift Right, Arithmetic 


Shift Right, Logic 


Store Acmitr 
Subtract 


Subtract Acmltrs 
Subtr, with Carry 


Transfer Acmitrs 


Test, Zero or Minus 


LEGEND: 
OP Operation Code (Hexadecimal), 
> Number of MPU Cycles: 
= Number of Program Bytes. 
+ Arithmetic Plus, 
- Arithmetic Minus, 
Boolean AND, 
Msp Contents of memory location pointed to be Stack Pointer, 


gsoltzme@+ 


ADDRESSING MODES 


Boolean Inclusive OR, 
Boolean Exctuswe OR, 
Complement of M, 
Transfer Into; 

Bit = Zero, 

Byte = Zero, 


Note - Accumulator addressing mode instructions are included in the column for IMPLIED addressing 
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BOOLEAN/ARITHMETIC OPERATION COND. CODE REG. 


(All register labels 
refer to contents) 


At+M—-A 
B+mM~B 
A+B~A 
A+M+CoA 
B+M+C—-B 
A’>M--A 
B-M->B 


gee 
tine 
Ps 


° 

r—) 
i 

t.) 


ar WiPr 7 yp 
Yuta 
7rezwZz=z 


$4 


00-M--M 
00O-A~A 

00 - BB 

Converts Binary Add. of 8CD Characters 
into BCO Format 
M-1--M 
A-1-7A 

B-1+B 

A@M >A 

BOM >B 

M+1--M 

A+I*A 

B+1+B 

M~A 

M~B 

At+M~A 

B+M~-B 
A-+Msp, SP — 1 > SP 
B -~Msp, SP ~— 1 +SP 
SP +1-+SP, Msp *A 
SP +1-SP, Msp> 8B 


: 
{ 
‘a 


i~ 2 
~ 


i 
oO 


l= 2 
~ 
i- 2 
c—] 


+ ‘ Ne et en et eee 
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144 
Oa PrP @ 
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1 
egroazz nz 222 
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@eeeoeeseeceaoeeeeeeeeeeteeeeeeeseeeeoeeeeneesesee 6 eee 8 @ 
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CONDITION CODE SYMBOLS: 


Half-carry trom bit 3; 

Interrupt mask 

Negative {sign bit) 

Zero (byte) 

Overflow, 2‘s complement 

Carry from bit 7 

Reset Always 

Set Always 

Test and set if true, cleared otherwise 
Not Affected 


ae 


e@e-NDWDO CNG 


TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 


CONO. CODE REG. 


| iwmen | oinect | wwoex | extn | IMPLien 
MNEMONIC ee eee BOOLEAN/ARITHMETIC OPERATION 


POINTER OPERATIONS 


Compare Index Reg 

Decrement Index Reg 
Decrement Stack Pntr 
Increment Index Reg 
Increment Stack Pntr 


Load Index Req 
Load Stack Pntr 
Store Index Reg 
Store Stack Pntr 
Indx Reg — Stack Pntr 





























eornxrrrece e& 





8c 3 Xu —M. Xz, — (M4 1) 
X-1-xX 
sp - 1~SP 
X+1~+X 
SP + 1-+SP 
M—Xy, (Mt Tm Xe 

. M+ SPy, (M + 1) SPL 
Xpy eM, Xp (M+ 1) 
SP ~M, SPy—=(M + 1) 
X — 1~SP 

. SP +1~X 


TABLE 5 — JUMP AND BRANCH INSTRUCTIONS 


Trévavive [08x | exrno | wruiko | 
anemone HedcsOceooRG 











Stack Pats — Indx Reg 


COND. CODE REG. 


OPERATIONS BRANCH TEST 


Branch Always 

Branch If Carry Clear 
Branch If Carry Set 
Branch If = Zero 

Branch If > Zero 

Branch It > Zero 

Branch If Higher 

Branch If & Zero 

Branch If Lower Or Same 
Branch If < Zero 

Branch If Minus 

Branch If Not Equal Zero 
Branch If Overflow Clear 
Branch It Overtlow Set 
Branch If Plus 

Branch To Subroutine 
Jump 

Jump To Subroutine 

No Operation 

Return From Interrupt 
Return From Subroutine 
Softwere Interrupt 

Wait for interrupt 


cor ea Ph SPP HS HLh ae LP PP 


7E 
BD 
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None 

C=0 

C=1 

Z=1 
N@vV=0 
Z+(N@V)=0 
C+Z=0 
Z+(N@V)=1 
C+Z=1 
N@V=1 
N=] 


See Special Operations 
(Figure 16) 
Advances Prog. Cntr. Only 





@eeeoeeoe7ee%ee28?8eeeee 8 @ @ 
@eeeoeoee7e21e#928e8eeeee2ee2e88 8 @ 


See Specia! Uperations 


(Figure 16) 
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FIGURE 16 — SPECIAL OPERATIONS 


SPECIAL OPERATIONS 


JSR, JUMP TO SUBROUTINE: 


Main Program 


| 


*K = 8-Bit Unsigned Value 


PC 
n 
INDXO | n+] 


n+2 


PC Main Program 
BD = JSR 

_[_ SH = Subr. Addr. 
SL = Subr. Addr. 











EXTNO 


BSR, BRANCH TO SUBROUTINE: 
PC —_ Main Program 


+ K = Offset® 


n+] 





n+2 


*K = 7-Bit Signed Value; 


JMP, JUMP: 
PC — Main Program 


n | 6E = JMP 
net LK= Offset 


RTS, RETURN FROM SUBROUTINE: 
PC 
S 


INDXD 


Subroutine 


Peon] 5 


RTI, RETURN FROM INTERRUPT: 


(Bit V) 
(Bit C) 
(Bit C) 


(Bit V) 
(Bit V) 
(Bit V) 


pc Interrupt Program 


S 38 = RTI > 


Stack 


9 





In +2] 44 and [n+ 2}, Formn+2 
SP Stack 








n+2 Formed From [n+ 2] y and [n+ 2], 


Stack 


Condition Code 











SP +1 
SP +2 
SP +3 
SP +.4 
SP +5 
SP +6 
—> SP+7 





PC Subroutine 


PC Subroutine 
$ 


(S Formed From Sy and S,} 


PC Subroutine 


n+22K | Ist Subr. instr] 


Main Program 


7E = JMP 
Ky = Next Address 


K, = Next Address 






EXTENDED 


« [hex iosrveron] 


Main Program 
aa 


PC Main Program 
j pees | 


TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 


OPERATIONS 


Clear Carry 
Clear Interrupt Mask 
Clear Overficw 


MNEMO 


Set Carry 

Set Interrupt Mask 
Set Overflow 
Acmltr A>CCR 
CCR > Acmitr A 


COND. CODE REG. 





CONDITION CODE REGISTER NOTES: 


Test: Result = 10000000? 
Test: Result # 00000000? 


Test: Decimal value of most significant BCD Character greater than nine? 


(Not cleared if previously set.) 

Test: Operand = 10000000 prior to execution? 

Test: Operand = 01111111 prior to execution? 

Test: Set equal to result of N@C after shift has occurred. 


(Bit set if test is true and cleared otherwise) 


7 (Bit N) — Test: Sign bit of most significant (MS) byte = 1? 

8 (Bit V) Test: 2’§ complement overflow from subtraction of MS bytes? 

9 (Bit N) Test: Result less than zero? (Bit 15 = 1) 

10 ~— {All} Load Condition Code Register from Stack. (See Special Operations) 

11 (Bit!) Set when interrupt occurs. If previously set, a Non-Maskable 
Interrupt is required to exit the wait state. 

12 (Atl) Set according to the contents of Accumulator A. 


TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES 
(Times in Machine Cycle) 
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Interrupt time is 12 cycles from the end of 


NOTE: 


the instruction being executed, except following 


a WAI instruction. Then it is 4 cycles. 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 8 provides a detailed description of the information as the control program is executed. The information is 
present on the address bus, data bus, valid memory address categorized in groups according to addressing modes and 
line (VMA), and the read/write line (R/W) during each cycle number of cycles per instruction. (In general, instructions 
for each instruction. with the same addressing mode and number of cycles ex- 

This information is useful in comparing actual with ex- ecute in the same manner; exceptions are indicated in the 
pected results during debug of both software and hardware table.) 


TABLE 8 — OPERATIONS SUMMARY 


Address Mode Cycle| VMA R/W 
and Instructions Cycles # Line Address Bus Line Data Bus 


IMMEDIATE 


Op Code Address 
Op Code Address + 1 


Op Code 
Operand Data 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 


Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 








DIRECT 








Op Code 
Address of Operand 
Operand Data 


Op Code Address 
Op Code Address + 1 
Address of Operand 


Op Code Address 1 
Op Code Address + 1 1 
Address of Operand 1 
Operand Address + 1 1 
Op Code Address 1 
Op Code Address + 1 1 
Destination Address 1 
Destination Address 0 
1 

. 1 

1 

0 

0 


















Op Code 
Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 
Destination Address 



















Irrelevant Data (Note 1) 











Data from Accumulator 
Op Code 
Address of Operand 

Irrelevant Data (Note 1) 
Register Data (High Order Byte) 














Op Code Address 
Op Code Address + 1 
Address af Operand 






Address of Operand 
Address of Operand + 1 


O 2 WN al WHY ALR WN 


Register Data (Low Order Byte) 






















Op Code Address 
Op Code Address + 1 
Index Register 


Op Code 
Offset 
Irrelevant Data (Note 1) ° 










Index Register Plus Offset (w/o Carry) 
Op Code Address 
Op Code Address + 1 
Index Register 


Irrelevant Data (Note 1) 
Op Code 
Offset 
irrelevant Data (Note 1) 
















Index Register Plus Offset (w/o Carry) Irrelevant Data (Note 1) 







Index Register Plus Offset 
Op Code Address 

Op Code Address + 1 
Index Register 


Operand Data 
Op Code | 
Offset 
Irrelevant Data (Note 1) 










Irrelevant Data (Note 1) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Index Register Plus Offset (w/o Carry) 





Index Register Plus Offset 
Index Register Plus Offset + 1 





oOnhb wnhd AiO a WN -|/h WD — 
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED) 





Address Mode 
and Instructions 


pin pales |e Sees 


EXTENDED 
JMP 


ADC 
ADD 
AND 
BIT 

CMP 


EOR 
LDA 
ORA 
SBC 
SUB 


CPX 


LDS 
LDX 


STAA 
STAB 






Oe&wonhn = 














ant WN 



















Op Code Address 

Op Code Address + 1 

index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 

Index Register Plus Offset 

Op Code Address 

Op Code Address + 1 

index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 

Index Register Plus Offset 

Index Register Plus Offset 


Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 

Index Register Plus Offset 

index Register Plus Offset + 1 

Op Code Address 

Op Code Address + 1 

Index Register 

Stack Pointer 

Stack Pointer -- 1 

Stack Pointer — 2 

Index Register 

Index Register Plus Offset (w/o Carry) 


Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + 1 
Op Code Address 
Op Code Address + 1 

Op Code Address + 2 
Operand Destination Address 
Operand Destination Address 
Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Address of Operand 
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R/W 
Address Bus Line Data Bus 


Op Code 

Offset 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Operand Data 

Op Code 

Offset 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Current Operand Data 
Irrelevant Data (Note 1) 
New Operand Data (Note 3) 


Op Code 

Offset 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
brrelevant Data (Note 1) 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 

Offset 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
irrelevant Data (Note 1) 





Op Code 

Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 

Op Code 

Address of Operand (High Order Byte} 
Address of Operand (Low Order Byte) - 
Operand Data 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Op Code 

Destination Address (High Order Syte) 
Destination Address (Low Order Byte) 
Irrelevant Data (Note 1) 





Data from Accumulator 

Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Irrelevant Data (Note 1) 

New Operand Data (Note 3) 





Address Mode VMA | 
and Instructions Cycles Line Address Bus 


EXTENDED (Continued) 


INHERENT 


Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Address of Operand + 1 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 
Stack Pointer — 2 

Op Code Address + 2 
Op Code Address + 2 


Op Code Address 
Op Code Address + 1 


Op Code Address 
Op Code Address + 1 
Previous Register Contents 
New Register Contents 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer — 1 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

New Index Register 
Op Code Address 
Op Code Address + 1 
Index Register 

New Stack Pointer 
Op Code Address 
Op Code Address + 1 


Stack Pointer 


Stack Pointer + 1 


Stack Pointer + 2 
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED) 


em] oma 
Line 


Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Op Code 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Op Code of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 

Address of Subroutine (Low Order Byte) 





Op Code 
Op Code of Next Instruction 


Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
irrelevant Data (Note 1) 

Op Code 

Op Code of Next Instruction 
Accumulator Data 
Accumulator Data 

Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Operand Data from Stack 
Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 

Op Code 

Op Code of Next Instruction 
Irrelevant Data 

Irrelevant Data 

Op Code 

Irrelevant Data (Note 2) 
Irrelevant Data (Note 1) 


Address of Next Instruction (High 
Order Byte) 


Address of Next Instruction (Low 
Order Byte) 








INHERENT (Continued) 


RELATIVE 


NOTES: 


TABLE 8 — OPERATIONS SUMMARY (CONCLUDED) 


& won - |/O On DOarbk won — 


a o 


ZS oemxr ana on = 


—_ 
Ls) 


Ce so | =_= =- Oo- — 


1 
2 
3 
4 
5 
6 
7 
8 


1 
1 
0 
1 
1 
0 
0 
0 


Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 


Stack Pointer + 2 
Stack Pointer + 3 


Stack Pointer + 4 
Stack Pointer + 5 
Stack Pointer + 6 


Stack Pointer + 7 





Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 
Stack Pointer — 7 
Vector Address FFF A (Hex) 


Vector Address FFFB (Hex) 


Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Branch Address 

Op Code Addrass 

Op Code Address + 1 

Return Address of Main Program 
Stack Pointer 

Stack Pointer — 1 

Stack Pointer — 2 

Return Address of Main Program 
Subroutine Address (Note 4) 


Address Mode VMA R/W 
and Instructions Cycles Line Address Bus Line Data Bus 


Op Code 

Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 
Op Code 

Irrelevant Data (Note 2) 
Irrelevant Data (Note 1) 


Contents of Cond. Code Register from 
Stack 


Contents of Accumulator B from Stack 
Contents of Accumulator A from Stack 


Index Register from Stack (High Order 
Byte) 


Index Register from Stack (Low Order 
Byte) 


Next Instruction Address from Stack 
(High Order Byte) 


Next Instruction Address from Stack 
(Low Order Byte) 


Op Code 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Ragister 
irrelevant Data (Note 1) 


Address of Subroutine (High Order 
Byte) 


Address of Subroutine (Low Order 
Byte) 





Op Code 

Branch Offset 

Irrelevant Data (Note 1} 
Irrelevant Data (Note 1) 

Op Code 

Branch Offset 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 





1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high-impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 


2. Data is ignored by the MPU. 
3 


. For TST, VMA=0 and Operand data does not change. 
4. MS Byte of Address Bus=MS Byte of Address of BSR instruction and LS Byte of Address Bus=LS Byte of Sub-Routine Address. 
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PHYSICAL DIMENSIONS 


CB-182 





P SUFFIX 
PLASTIC PACKAGE 


(1). Nominal dimension 
(2) True geometrical position 





C SUFFIX 
CERAMIC PACKAGE 


ORDERING INFORMATION 


EF68A02 C,M, B/B 
Device | | — Screening level 
Package Oper. temp. 


The table below horizontally shows ail available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. 


DEVICE 


EF6802/08 (1.0 MHz) 


EF68A02/A08 (1.5 MHz) 


EF68B02/B08 (2.0 MHz) 


frets [r[e[w[e[v[m [sal [oe | oe 
rel [el [ele; | [eT | | 
Pe fet 


Examples : EF6802C, EF6802CV, EF6802EM, EF6802EM G/B 


Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp.: L*: 0°C to +70°C, V: —40°C to + 85°C, M: —55°C to +125°C, *: may be omitted. 
Screening level : Std: (no-end suffix), D : NFC 96883 level D, 


G/B: 





NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 
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CB-521 CB-708 





FN SUFFIX E SUFFIX 
PLCC 44 LCCC 44 

















UH 










Viti: 


17,65 
44 pins: 
Y 


MO-047-AC CB-521 
cel DATA. JEDEC SITELESC 
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batt EF6801°EF6803 
~ 


MOSTEK 
























The EF6801 is an 8-bit single-chip microcomputer unit (MCU) which 


significantly enhances the capabilities of the 6800 family of parts. It includes KH MOS 

an upgraded 6800 microprocessor unit (MPU) with upward-source and 

object-code compatibility. Execution times of key instructions have been (HIGH-DENSITY N-CHANNEL, 
improved and several new instructions have been added including an unsigned SILICON-GATE) 
multiply. The MCU can function as a monolithic microcomputer or can be 

expanded to a 64K byte address space. It is TTL compatible and requires MICROCOMPUTER / 
one + 5-volt power supply. On-chip resources include 2048 bytes of ROM, MICROPROCESSOR 


128 bytes of RAM, a Serial Communications Interface (SCI), parallel I/O, 
and a three function Programmable Timer. The EF6803 can be considered 
as an EF6801 operating in Modes 2 or 3. EF6801 MCU Family features 
include : 


Enhanced EF6800 Instruction Set sett 
8 x 8 Multiply Instruction eer | | |: P SUFFIX 
Serial Communications Interface (SCI) PLASTIC PACKAGE 


Upward Source and Object Code Compatibility with the 6800 
16-Bit Three-Function Programmable Timer 

Single-Chip or Expanded Operation to 64K Byte Address Space a ea ce 
Bus Compatibility with the 6800 Family 

2048 Bytes of ROM (EF6801) 

128 Bytes of RAM 

64 Bytes of RAM Retainable During Powerdown 

29 Parallel |/O and Two Handshake Control Lines 
Internal Clock Generator with Divide-by-Four Output. 
Complete Development System Support on DEVICE®. FN SUFFIX 
—40°C to + 85°C Temperature range Eee 
—40°C to + 105°C Temperature range 


ALSO AVAILABLE 





PIN ASSIGNMENT 





Standby 
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-% t 
ges SBE 
- (ee) 
>>xas ue Cle 
' Mode 
Expanded Multiplexed : 
Expanded Non-Multiplexed 
| = Single Chip TT? 
P20 
rr Port <1 4 P21 


Be Rew baler 


P37, A7/D7. D7. 1/0 

P36 AB/D6 D6 1/0 

P35 AS/D5 DS 1/0 i, Cae 2 

P34. A4/D4. 4-1/0 3 aes P23 
P33. A3/D3 D3. 1/0 P24 
P32 A2/D2. D2~~—«1/0 

P31 A1/D1 DI 4/0 

pe eye oo ed 

SC2. R/W R/W 083 In | Timer 

SC! AS (OS iS3 


P47 A15 A7 1/0 P10 
P46 Al4 A6 1/0 y Address P11 
P45 AI3.-— ASCO foul Port P12 
P44 A12 Ad 1/0 4 | P13 
P43 ~All A3 1/0 : P14 
P42 A10 A2 1/O <3 P15 
P41 AQ Al \/0 P16 
P40 A8 AO 1/0 a P17: 
Vec Standby 128 x 8 Base 
RAM (1) 
(1) No functioning ROM in EF6803 
POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=TA+(Ppeda) (1) 


Where: 
Ta#Ambient Temperature, °C 
6 jA = Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD = PINT + PPORT 
PINT®!cc x Vcc, Watts — Chip Internal Power 
PporRT Port Power Dissipation, Watts — User Determined 


For most applications PPoRT«PI|NT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PPORT is neglected) is: 


Pp=K+(Tj+273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Ppe(Ta + 273°C) + 6yAePDZ (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known T4. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 


1-28 





MAXIMUM RATING? 

This device contains circultry to protect the in- 
puts against damage due to high Static voitages 
or electric fields; however, it 1s advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera- 
tion it is recommended that Vin and Voyt be con- 
Strained to the range Vss <(Vin or Vout) S$ VCC. 
Input protection is enhanced by connecting 
unused inputs to either Vop or VSS. 


~0.3 to +7.0 


rel -~0.3 to +7.0 
Operating Temperature Range 


£F6801/03, EF6801/03-1, EF68A01/03 0 to 70 
EF68B01/03 _A0 to 85 

EF6801/03, EF6801/03-1 : V suffix 0 

EF6801/03, EF6801/03-1 : A suffix - 40 to 105 





Storage Temperature Range 








THERMAL CHARACTERISTICS 


Characteristic Rating 


Thermal Resistance 
Plastic °C/W 
PLCC 


Frequency of Operation 

Crystal Frequency 

External Oscillator Frequency 
Crystal Oscillator Start Up Time 
Processor Control Setup Time 



















EF6801/03 EF6801/03 Eo 
re to + a —40°C to +85°C | —40°C to + 105°C 
Characteristic | Min | Max | Min | Max | Unit 
Input High Voltage RESET fae — Vec Wsst4. Ae 3G | 
Other Inputs vss +20 Vcc Vgg+2.2 Vec Wsst2.2l Vcc 

input Low Voltage Allinputs[ Vit [Vss~0.3\Vsg + 0.8\Vsg - 0.3} SSeDeiss 2 Vss-0.3Vsstos, Vo | 
input Load Current Port 4 0.8 

(Vin = 0 to 5.25 V) NMi, iRO7, R 5.0 uA 


ee 
Hi-Z (Off State) Input Current 
(Vin =0.5 to 2.4 V) Ports 1,2,and3] Its; 
Output High Voltage 
(IL oad= —65pA, Vcc=Min)*  €,Port4,SC1,SC2] VoH Vsst+2.4 Sss+2.4 
Vss+2.4 sst+2.4 

















Z| 






(oad = — 100 pA, Voc = Min) Other Outputs 


Output Low Voltage, 
(Ib oad = 2.0 mA, Vcc= Min) All Outputs 


ar V 
Darlington Drive Current (VQ = 1.5 V) Port 1 


Internal Power Dissipation 
(Measured at Ta =T in Steady-State Operation) PINT 1200 ye 1500 mW 













0 
(Vin =0, Ta = 25°C, fg= 1.0 MHz) Other Inputs 
Vcc Standby Powerdown | Vsgp as 4.0 5.25 rae 5.25 
Powerup | Vsp 4.75 5. 25 4.75 5:25 4.75 520 V 
[Standby Curent Powerdown | Tsan_| — | 60 [— | 80 [=~ 80 [mA 


* Negotiable to — 100 pA (for further information contact the factory) 
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PERIPHERAL PORT TIMING (Refer to Figures 2-5) 





Characteristics 


Peripheral Data Setup Time 
Peripheral Data Hold Time 


Delay Time, Enable Negative Transition to Peripheral Data Valid 





EF6801-1 | EFG8A01 EF68B01 
| EF6803-1 | EF68A03 | EFG68B03 


tPpWD 


Delay Time, Enable Negative Transition to ; 
Peripheral CMOS Data Valid CMOS 


Input Strobe Pulse Width tpwi 


input Data Hold Time 
Input Data Setup Time 


FIGURE 2 — DATA SETUP AND HOLD TIMES 
(MPU READ) 


\ aias Read 


P10-P17 

P20-P24 

P40-P47 
Inputs 


P30-P37 
Inputs* 


*Port 3 Non-Latched Operation (LATCH ENABLE = 0) 


FIGURE 4 —PORT 3 OUTPUT STROBE TIMING 
(EF6801 SINGLE-CHIP MODE) 


Y MPU access of Port 3° 





Address ( $0006) 
Bus 


S 


col 


“Access matches Output Strobe Select (OSS = O, a read: 
OSS = 1, a write) 





S 





FIGURE 3 — DATA SETUP AND HOLD TIMES 
(MPU WRITE) 


if MPU Write 


'CMOS 








---07 Vcc 


Ail Data 


Data Valid 
Port Outputs 


NOTES: 
1 10 k Pullup resistor required for Port 2 to reach 0.7? Vcc 
2 Not applicable to P21 
3 Port 4 cannot be pulled above VCC 


FIGURE 5 — PORT 3 LATCH TIMING 
(EF6801 SINGLE-CHIP MODE) 


Ww 


P30-P37 
Inputs 





NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 voits, unless otherwise noted. 


BUS TIMING (See Notes 1 and 2) 




















EF6801 E pa 1 pa EF68B01 
Characteristics Symbol EF6803 E pa 1 pa EF68B03 | Unit 





| Max | Min | Max | Min | Max | Min | Max | 
SA aN I AH TPE 
[2 [Pulse width, € Low TPwWer_| 430 | 1000 | 360 | 1000 | 300 | 7000 | 270_[ 1000] ns] 


[3 [Pulse Width, € Figh PW | 480 | 1000} 360 | 1000 300 [ 1000] 220 [1000 [ ns 
[4 [eteck Rise and Faltime ———SSSCSC~C~C—t th | - | eT - | lL -| l- | ol 
[a fadcress HoldTime ——SsSCSC~C~C~—s—Ss—sS wn | HT - | YT - | HL - fl -f os] 
Sm An ET 
[17 [Read Date SeupTime —SsSC~C~S~Ss tose | WOT | OP - | OT | 

Be CCST ne > 
SLD 
[at [Wite Date HoldTime _———S~S~CS tw TT - | wT -[ OT-[ol- lr 
[a2 [Maxed Address Vaid Time toe Ree ————~dt av [mo | — | eo] — |e] — |] |r 
[eh [ Maxed Address Vaid Time to AS Fam id ast OT - |] -]|*e;-jo}-[r] 
[5 [Mured Address Hold Time ——SSSSCid tw OT | OT - | wl - [ol] | 





[28 [Delay Time, £10 AS Rise” SS tng pO] — | — OO] — [ae] — | oe 
[27 [Pulse Width, AS High” __———~—~S~d Pang 220 | - | 7] - | wo] — [10] — | ns | 


[28 [Delay Time, AS to EFiso™———S~S~—~*~s~—st tse PHT - | OT - fol - elon 
20 [Usable Access Times _——S~S wc 068 | — | aes | — [oo - [oro — [os 


“At specified cycle time. 

"*tASD Parameters listed assume external TTL clock drive with 50 % +5 % duty cycle. Devices driven by an external TTL clock with 50 % 
+1 % duty cycle or which use a crystal have the following tasp specifications : 100 ns min. (1.0 MHz devices), 80 ns min. (1.25 MHz de- 
vices), 65 ns min, (1.5 MHz devices), 50 ns min. (2.0 MHz devices). 


FIGURE 6 — BUS TIMING 


oO 


TS, y) 


‘Nor-Mined 1 aI |) WK 


= 
V/V 


Muxed OHO rk > 
6%: al 
Muxed poe aor 
Address eo Ce te 
Strobe (AS) @- i 
NOTES: 


1. Voltage levels shown are V_ $0.5 V, VH22.4 a unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
3. Usable access time is computed by: 124+ 3~- 17+4. 


4. Memory devices should be enabled only during E high to avoid Port 3 bus contention. 









Addr/Data 


i: re 
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FIGURE 7 ~ CMOS LOAD 


Test Point 7 
az 30 pF 


FIGURE 8 — TIMING TEST LOAD PORTS 1, 2, 3, 4 


Vcc 


Ry, 1.8 kQ 


1N916 
or Equiv. 


Test Point 


1N4148 
or Equiv. 


C= 90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R = 37.kQ for P40-P47, E, SC1, SC2 
= 24 kf for P10-P17, P20-P24 
= 24 kf for P30-P37 


INTRODUCTION 


The EF6801 is an 8-bit mqnolithic microcomputer which 
can be configured to function in a wide variety of applica- 
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating modes. The operating mode controls the con- 
figuration of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or external) of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent an the operating 
mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a Data Register 
and a write-only Data Direction Register. The Data Direction 
Register is used to define whether corresponding bits in the 
Data Register are configured as an input (clear) or output 
(set). 
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The term “‘port,’’ by itself, refers to all of the hardware 
associated with the port. When the port is used as a ‘‘data 
port” or “t/O port,” it is controlled by the port Data Direc- 
tion Register and the programmer has direct access to the 
port pins using the port Data Register. Port pins are labled as 
Pij where i identifies one of four ports and j indicates the par- 
ticular bit. 

The Microprocessor Unit (MPU) is an enhanced EF 6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the 
EF6800. The programming model is depicted in Figure 9, 
where Accumulator D is a concatenation of Accumulators A 
and B. A list of new operations added to the 6800 instruc- 
tion set are shown in Table 1. 

The EF6803 can be considered an EF 6801 that operates 
in Modes 2 and 3 only. ; 


FIGURE 9 — PROGRAMMING MODEL 





15 x 
115 SP 
15 PC 





8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator DO 


OF Index Register (X) 


Of Stack Pointer (SP) 


O} Program Counter (PC) 


Z 0 
fafap i [yfz[vtc Condition Code Register (CCR) 


Carry/Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 


OPERATING MODES 


The EF6801 provides eight different operating modes 
(Modes O through 7), the EF6803 provides two operating 
modes (Modes 2 and 3). The operating modes are hard- 
ware selectable and determine the device memory map, the 
configuration of Port 3, Port 4, SC1,SC2, and the physical 
location of the interrupt vectors. 


FUNDAMENTAL MODES 


The eight operating modes can be grouped into three fun- 
damental modes which refer to the type of bus it supports: 
Single Chip, Expanded Non-Multiplexed, and Expanded 
Multiplexed. Single chip modes include 4 and 7, Expanded 


Non-Multiplexed is Mode 5 and the remaining five are Ex- 
panded Multiplexed modes. Table 2 summarizes the 
characteristics of the operating modes. 


EF6801 Single-Chip Modes (4,7) 

In the Single-Chip Mode, the four MCU ports are con- 
figured as parallel input/output data ports, as shown in 
Figure 10. The MCU functions as a monolithic microcom- 
puter in these two modes without external address or data 
buses. A maximum of 29 !/O lines and two Port 3 control 
lines are provided. Peripherals or another MCU can be inter- 
faced to Port 3 in a loosely coupled dual processor configura- 
tion, as shown in Figure 11. 


TABLE 1 — NEW INSTRUCTIONS 













Branch Never 


Additional addressing mode: direct 





Loads double accumulator from memory 


ASL) 


Pushes the Index Register to stack 
Pulls the Index Register from stack 
Stores the double accumulator to memory 


Description 
Unsigned addition of Accumulator B to Index Register 
Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 

ASLD or LSLD/Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit 
Branch if Higher or Same; unsigned conditional branch (same as BCC) 


Branch if Lower; Unsigned conditional branch (same as BCS) 


Shifts memory or accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit (same as 


Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C-bit 


Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 


Subtracts memory from the double accumulator and leaves the difference in the double accumulator 


Internal processing modified to permit its use with any conditional branch instruction 

















In Single-Chip Test Mode (4), the RAM responds to 
$XX80 through $XXFF and the ROM is removed from the in- 
ternal address map. A test program must first be loaded into 
the RAM using modes 0, 1, 2, or 6. If the MCU is Reset and 
then programmed into Mode 4, execution will begin at 
$XXFE:XXFF. Mode 5 can be irreversibly entered from Mode 
4 without asserting RESET by setting bit 5 of the Port 2 Data — 
Register. This mode is used primarily to test Ports 3 and 4 in 
the Single-Chip and Non-Multiplexed Modes. 





EF6801 Expanded Non-Multiplexed Mode (5) 


A modest amount of external memory space is provided in 
the Expanded Non-Multiplexed Mode while significant on- 
chip resources are retained. Port 3 functions as an 8-bit 


bidirectional data bus and Port 4 is configured initially 
as an input data port. Any combination of the eight least- 
significant address lines may be obtained by writing to the 
Port 4 Data Direction Register. Stated alternatively, any 


combination of AO to A7 may be provided while retaining the 


remainder as input data lines. Internal pullup resistors pull 
the Port 4 lines high until the port is configured. 


Figure 12. illustrates a typical system configuration in the 
Expanded Non-Multiplexed Mode. The MCU interfaces 
directly with 6800 family parts and can access 256 bytes of 
external address space at $100 through $1FF. IOS provides 
an address decode of external memory ($100-$1FF) and can 
be used as a memory page select or chip select line. 


TABLE 2 —- SUMMARY OF EF6801/03 OPERATING MODES 







Common to all Modes: 
Reserved Register Area 
Port 1 
Port 2 
Programmable Timer 








Single Chip Mode 7 





Port 4 is a parallel !/O port 







Port 3 is an 8-bit data bus 


SC2 is Read/Write (R/W) 







SC1 is Address Strobe AAS) 
SC2 is Read/Write (R/W) 


Test Modes 0 and 4 






Serial Communications Interface 


128 bytes of RAM; 2048 bytes of ROM 
Port 3 is a parallel |1/O port with two control lines 


SC1 is Input Strobe 3 (iS3)__ 

SC2 is Output Strobe 3 (OS3) 

Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of ROM 
256 bytes of external memory space 


Port 4 is an input port/address bus 
SC1 is Input/Output Select (10S) 


| Expanded Muitiplexed Modes 1, 2, 3, 6* 
_ Four memory space options (64K address space): 
(1) No internal RAM or ROM (Mode 3) 
(2) internal RAM, no ROM (Mode 2) 
(3) Internal RAM and ROM (Mode 1) 
(4) Internal RAM, ROM with partial address bus (Mode 6) 
Port 3 is a multiplexed address/ data bus 
Port 4 is an address bus (inputs/address in Mode 6) 


Expanded Multiplexed Test Mode 0 

May be used to test RAM and ROM 
Single Chip and Non-Multiplexed Test Mode 4 
(1) May be changed to Mode 5 without going through Reset 
(2) May be used to test Ports 3 and 4 as |/O ports 





































*The EF6803 operates only in modes 2 and 3 
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Port 1 


8 1/0 Lines 


Port 4 
8 I/O Lines 


FIGURE 10 — SINGLE-CHIP MODE 


EF6801 





Vcc Standby 


RESET EF6801 


Port 1 
8 I/O Lines 


Port 2 
51/0 
Lines 
Serial !/O 
16-Bit Timer 


Port 3 
8 1/0 Lines 
1S3 


083 


8 


Port 2 
5 1/0 Lines 
Serial 1/0 
16-Bit Timer 


SCl 





Vcc Standby 


RESET 


Port 1 


1/0 


Lines 


Port 2 
5 1/0 Lines 


16-Bit Timer 


FIGURE 11 — SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 


XTAL 1 


EXTAL2 
Vcc Standby 


RESET 
EF6801 


Port 3, 81/O Lines 


Port 2 
5 I/O Lines 
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16-Bit Timer 


FIGURE 12 — EXPANDED NON-MULTIPLEXED CONFIGURATION 


XTAL1 


Vcc Standby 


RESET 
NMI 


iRQ1 


8 Data Lines 


R/W 
ios 
Port 4 
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Address Lines 


EXTAL2 


EF6801 





(D0-07) 
(AQ-A7) 
10S 
R/W 

E 





Expanded-Multiplexed Modes (0, 1, 2, 3, 6) 

A 64K byte memory space is provided in the expanded 
multiplexed modes. In each of the expanded multiplexed 
modes Port 3 functions as a time multiplexed address/data 
bus with address valid on the negative edge of Address 
Strobe (AS), and data valid while E is high. In Modes 0 to 3, 
Port 4 provides address lines A8 to A15. In Mode 6, however, 
Port 4 initially is configured at RESET as an input data port. 
The port 4 Data Direction Register can then be changed to 
provide any combination of address lines, A8 to A15. Stated 
alternatively, any subset of A8 to A15 can be provided while 
retaining the remaining port 4 lines as input data lines. Inter- 
nal pullup resistors pull the Port 4 lines high until software 
configures the port. 

In Mode 0, the Reset vector is external for the first two 
E-cycles after the positive edge of RESET, and internal 
thereafter. In addition, the internal and external data buses 
are connected so there must be no memory map overlap in 
order to avoid potential bus conflicts. Mode 0 is used 
primarily to verify the ROM pattern and monitor the internal 
data bus with the automated test equipment. 

Only the EF 6801 can operate in each of the expanded 
multiplexed modes. The EF6803 operates only in Modes 2 
and 3. 

Figure 13 depicts a typical configuration for the Expanded- 


Multiplexed Modes. Address Strobe can be used to control a 
transparent D-type latch to capture addresses AQ-A7, as 
shown in Figure 14. This allows Port 3 to function as a Data 
Bus when E is high. 


PROGRAMMING THE MODE 

The operating mode is determined at RESET by the levels 
asserted on P22, P21, and P20. These levels are latched into 
PC2, PC1, and PCO of the program control register on the 
positive edge of RESET. The operating mode may be read 
from the Port 2 Data Register as shown below, and program- 
ming levels and timing must be met as shown in Figure15. A 
brief outline of the operating modes is shown in Table 3. 


PORT 2 DATA REGISTER 


7 6 5 4 3 Z 1 0 
lr rs rf rn] 


Circuitry to provide the programming levels is dependent 
primarily on the normal system usage of the three pins. If 
configured as outputs, the circuit shown in Figure 16 may be 
used; otherwise, three-state buffers can be used to provide 
isolation while programming the mode. 


TABLE 3 — MODE SELECTION SUMMARY 





Legend: Notes: 
| — Internal 
E — External 
MUX — Multiplexed 
NMUX — Non-Multiplexed 
L — Logic "O” 
H — Logic "1" 


1, 2, and 3 


Operating 
Mode 


Single Chip 
| Multipiexed/Partial Decode 
Non-Multiplexed/Partial Decode 


Single Chip Test. 
Multiplexed/No RAM or ROM 


Multiplexed/RAM 
Multiplexed/RAM & ROM 


Multiplexed Test 


(1) Internal RAM is addressed at $XX80 

(2) Internal ROM is disabled 

(3) RESET vector is external for 2 cycles after RESET goes high 

(4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 


(5) Addresses associated with Port 3 are considered external in Modes 5 and 6 


(6) Port 4 default is user data input; address output is optional by writing to Port 4 


Data Direction Register 


*Thne EF 6803 operates only in Modes 2 and 3 
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FIGURE 13 — EXPANDED MULTIPLEXED CONFIGURATION 
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XTAL1 





EXTAL2 
Vcc Standby 
RESET 






EF6801 
EF6803 










Port 1 Port 3 
8 Lines 
Pear Fy Multiplexed Data/Address 
Port 2 
; Pp 
50 Line Wee 
Serial 1/0 Address Buc 
16-Bit Timer 
VSS 
Vcc 
XTAL1 
Sa Data Bus 
Do. 
EXTAL2 (DO-D7) 
Vcc Standby 
RESET EF6801 Address Bus 
NMI EF6803 (AO A15) 
iRO1 R/W 
Port 1 E 
81/0 
Port 2 
5 1/0 
SCI 
Timer 





ROM RAM PIA 


NOTE: To avoid data bus (Port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time. 


FIGURE 14 — TYPICAL LATCH ARRANGEMENT 


D4 QO} 


inte ore Address: Ag-A7 


Port 3 
(Typical) 


Address/Data am 
Yt 
ee 





Data: Dg-D7 
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FIGURE 15 — MODE PROGRAMMING TIMING 


See Figure 16 
for Diode Arrangement 


RESET 
VMPDD 






VMPL 


Mode Latch 
| Level 


(P20, P21, P22) 


oo ae ow oe ow 


Mode Inputs 


(P20, P21, P22) RESET 





RESET Low Pulse Width 
Mode Programming Setup Time 


Mode Programming Hold Time 
RESET Rise Time= 1 ys 
RESET Rise Time< 1 ys 





*For Ta =—40°C to + 105°C, VpL= 1.7 V. 


FIGURE 16 — TYPICAL MODE PROGRAMMING CIRCUIT 





Vcc 
R2 
RESET 
i ae Se a TS pe 
P22 P22 (PC2) 
Mode 
Control EF6801 
y Y y Switches EF6803 
D D D 
Notes: 
1. Mode 7 as shown 
2. .R2°C = Reset time constant c 
3. Ry = 10 k (typical) ae 
4. D= 1N914, 1N4001 (typical) = 
5. Diode V¢ should not exceed ViwPpp min. 
MEMORY MAPS 
The 6801 Family can provide up to 64K byte address The first 32 locations of each map are reserved for the inter- 
space depending on the operating mode. A memory map for nal register area, as shown in Table 4, with exceptions as in- 
each operating mode is shown in Figure 1 7. dicated. 
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FIGURE 17 — EF6801/03 MEMORY MAPS (Sheet 1 of 3) 


| EF6801 EF6801 
Multiplexed- Test Mode Mode 0 Mode 


Muitiplexed/RAM and ROM 


Internal Registers 
External Memory Space 


ser Uf Internal Registers 
Cod 


External Memory Space 


Internal RAM 
Internal RAM 


External Memory Space External Memory Space 


Internal ROM Internal ROM 


SFFFF(2) Internal Interrupt Vectors!2) External Interrupt Vectors 


NOTES: 
1) Excludes the following addresses which may be NOTES: 


used externally: $04, $05, $06, $07, and SOF. 1) Excludes the following addresses which may be 
2) Addresses $FFFE and SFFFF are considered used externally: $04, $05, $06, $07, and SOF. 

external if accessed within two cycles after a 2) Internal ROM addresses $FFFO to $FFFF are not 

positive edge of RESET and internal at all other aeable 

times. : 


3) After two MPU cycles, there must be no over- 
lapping of internal and external memory spaces 
to avoid driving the data bus with more than one 
device. 

4) This mode is the only mode which may be used 
to examine the interrupt vectors in internal ROM 
using an external RESET vector. 
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EF6801 

EF6803 ? 

Mode 
Mulitiplexed/ RAM 


$0000!1) 
Internal Registers 


$001F 
External Memory Space 
$0080 


Internal RAM 


External Memory Space 


$FFFO 
SFFFF 


External Interrupt Vectors 


NOTES: 
1) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and SOF. 


FIGURE 17 — EF6801/03 MEMORY MAPS (Sheet 2 of 3) 


EF6801 
EF6803 
Mode 


Multiplexed/ No RAM or ROM 





$0000! 1) 


Internal Registers 
$001F 


External Memory Space 


$FFFO 
External Interrupt Vectors 
SFFFF 


NOTES: 
1) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and SOF. 


EF6801 
Mode 


} Internal Registers 


Single-Chip Test 
$0000 
$001F 


Unusable (1)(4) 


$XX80 } internal RAM 


SXXFF Internal Interrupt Vectors 


NOTES: 

1) The internal ROM is disabled. 

2) Mode 4 may be changed to Mode 5 without hav- 
ing to assert RESET by writing a one into the 
PCO bit of the port 2 data register. 

Addresses A8 to A15 are treated as ‘don’t cares” 
to decode internal RAM. 


Internal RAM will appear at $XX80 to $XXFF. 
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$0000(1) 


EF6801 
Mode 


Non-Multiplexed/ Partial Decode 


} Internal Registers 


$001F 
Unusable 
$0080 


Internal RAM 
SOOFF 


$0100 
External Memory Space 


SO1FF 


Unusable 


internal ROM 


SFFEF Internal interrupt Vectors 


NOTES: 
1) Excludes the following addresses which may not 
be used externally: $04, $06, and SOF (no IOS). 


2) This mode may be entered without going 

through RESET by using mode 4 and subse 
quently writing a one into the PCO bit of the port 
2 data register. 
Address lines AO to A7 will not contain addresses 
until the data direction register for port 4 has 
been written with ones in the appropriate bits. 
These address lines will assert ones until made 
outputs by writing the data direction register. 





FIGURE 17 — EF6801/03 MEMORY MAPS (Sheet 3 of 3) 


EF6801 
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Multiplexed/ Partial Decode 





$0000!) 
Internal Registers 
$001F 
External Memory Space 
$0080 
Internal RAM 
SOOFF 
External Memory Space 
$F800 
Internal ROM 
SFFFF Internal Interrupt Vectors 
NOTES: 


1) Excludes the following addresses which may be 
used externally: $04, $06, and SOF. 

2) Address lines A8-A15 will not contain addresses 
until the data direction register for port 4 has 
been written with ones in the appropriate bits. 
These address lines will assert ones until made 
outputs by writing the data direction register. 


EF6801 
Mode 


Single Chip 


$0000 


} internal Registers 
$001F 





Unusable 


$0080 
} Internal RAM 
SOOFF 
Unusable 
$F800 Y 
J Internal ROM 
SFFFF Yj, Internal Interrupt Vectors 


EF6801/03 INTERRUPTS 


The 6801 Family supports two types of interrupt re- 
quests: maskable and non-maskable. A Non-Maskable Inter- 
rupt (NMI) is always recognized and acted upon at the com- 
pletion of the current instruction. Maskable interrupts are 
controlled by the Condition Code Register |-bit and by in- 
dividual enable bits. The |-bit controls ‘all maskable inter- 
rupts. Of the maskable interrupts, there are two types: IRQ1 
and [RO2. The Programmable Timer and Serial Communica- 
tions Interface use an internal [ROZ interrupt line, as shown 
in Figure 1. External devices (and |S3) use TROT. An IRQ1 in- 
terrupt is serviced before IRQ2 if both are pending. 

All |RQ2 interrupts use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are serviced in 
a prioritized order and each is vectored to a separate loca- 
tion. All interrupt vector locations are shown in Table 5. 

The Interrupt flowchart is depicted in Figure 18 and is 
common to every interrupt excluding reset. During interrupt 
servicing the Program Counter, Index Register, A Ac- 
cumulator, B Accumulator, and Condition Code Register are 
pushed to the stack. The I-bit is set to inhibit maskable inter- 
rupts and a vector is fetched corresponding to the current 
highest priority interrupt. The vector is transferred to the 
Program Counter and instruction execution is resumed. In- 
terrupt and RESET timing are illustrated in Figures 19 and 20. 


FUNCTIONAL PIN DESCRIPTIONS 


Vec AND Vss 

Vcc and Vssg provide power to a large portion of the 
MCU. The power supply should provide +5 volts (+5%) to 
Vcc, and Vss should be tied to ground. Total power 
dissipation (including Vcc Standby), will not exceed Pp 
milliwatts. 


Vcc STANDBY 

Vcc Standby provides power to the standby portion ($80 
through $BF) of the RAM and the STBY PWR and RAME 
bits of the RAM Control Register. Voltage requirements de- 
pend on whether the device is in a powerup or powerdown 
state. In the powerup state, the power supply should provide 
+5 volts (+5%) and must reach Vsg volts before RESET 
reaches 4.0 volts. During powerdown, Vcc Standby must 
remain above Vspp (min) to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 
current will not exceed IspB. 


It is typical to power both Vcc and Vcc Standby from the 
same source during normal operation. A diode must be used 





_ ***1=Qutput, O= 
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between them to prevent supplying power to Vcc during 
powerdown operation. Vcc Standby should be tied to 
ground in Mode 3. 


TABLE 4 — INTERNAL REGISTER AREA 


Register 


Port 1 Data Direction Register’*° 
Port 2 Data Direction Register °°° 
Port 1 Data Register 
Port 2 Data Register 


00 
01 
02 
03 


Port 3 Data Direction Register’’” 
Port 4 Data Direction Register ’°° 
Port 3 Data Register 
Port 4 Data Register 


Timer Control and Status Register 
Counter (High Byte) 

Counter (Low Byte) 

Output Compare Register (High Byte) 


Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 
Input Capture Register (Low Byte) 
Port 3 Control and Status Register 


Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
Receive Data Register 

Transmit Data Register 


RAM Control Register 
Reserved 





*External addresses i in Modes 0, 1, 2, 3, 5, 6; cannot be accessed 
in Mode 5 (No IOS) 

**External addresses in Modes 0, 1, 2, 3 

Input 


TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS 


MsB | tse | interrupt 
rere | reer | RESET 
rerc | Frro | NMI 
Se 


fe a See ae 
Fees | FERS | OCF (Output Compare)” 
Fete | FFFa_| TOF (Timer Overtiow’” 
FeO | FFF | SCI (RORF+ORFE+ TORE 


*|IRQ2 Interrupt 
























ev-l 


FIGURE 18 — INTERRUPT FLOWCHART 
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Output Compare interrupt 
Timer Overflow Interrupt 
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FIGURE 19 — INTERRUPT SEQUENCE 
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FIGURE 20 — RESET TIMING 
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RESET 


XTAL1 AND EXTAL2 


These two input pins interface either a crystal or TTL com- 
patible clock to the MCU internal clock generator. Divide-by- 
four circuitry is included which allows use of the inexpensive 
3.58 MHz or 4.4336 MHz Color Burst TV crystals. A 20 pF 
capacitor should be tied from each crystal pin to ground to 
ensure reliable startup and operation. Alternatively, EXTAL2 
may be driven by an external TTL compatible clock at 4fo 
with a duty cycle of 50% (45%) with XTAL1 connected to 
ground. 

The internal oscillator is designed to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fyTAL. The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time.” The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 21. 


RESET 

This input is used to reset the internal state of the device 
and provide an orderly startup procedure. During powerup, 
RESET must be held below 0.8 volts: (1) at least tac after 
Vcc reaches 4.75 voits in order to provide sufficient time for 
the clock generator to stabilize, and (2) until Vcc Standby 
reaches 4.75 volts. RESET must be held low at least three 
E-cycles if asserted during powerup operation. 





E (ENABLE) 


This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four result of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 


NMI (NON-MASKABLE INTERRUPT) 


An.NMI negative edge requests an MCU interrupt se- 
quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally, a vector is fetched from $FFFC and 
SFFFD, transferred to the Program Counter and instruction 
execution is resumed. NMI typically requires a 3.3 kQ 
(nominal) resistor to Vcc. There is no internal NMI pullup 
resistor. NMI must be held low for at least one E-cycle to be 
recognized under all conditions. 


IRQ1 (MASKABLE INTERRUPT REQUEST 1) 


IRQ1 is a level-sensitive input which can be used to re- 
quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 
rupt mask bit (I-bit) in the Condition Code Register is clear, 
the MCU will begin an interrupt sequence. A vector is fetch- 
ed from $FFF8 and S$FFF9, transferred to the Program 
Counter, and instruction execution is resumed. 

IRQ1 typically requires an external 3.3 kQ (nominal) 
resistor to Vcc for wire-OR applications. [RO1 has no inter- 
nal pullup resistor. 


SC1 AND SC2 (STROBE CONTROL 1 AND 2) 


The function of SC1 and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 


SC1 and SC2 In Single-Chip Mode 


In Single-Chip Mode, SC1 and SC2 are configured as an 
input and output, respectively, and both function as Port 3 
control lines. SC1 functions as IS3 and can be used to in- 
dicate that Port 3 input data is ready or output data has been 
accepted. Three options associated with 1S3 are controlled 
by Port 3 Control and Status Register and are discussed in 
the Port 3 description. If unused, IS3 can remain uncon- 
nected. 7 

SC2 is configured as OS3 and can be used to strobe out- 
put data or acknowledge input data. It is controlled by Out- 
put Strobe Select (OSS) in the Port 3 Control and Status 
Register. The strobe is generated by a read (OSS=0) or 
write (OSS =1) to the Port 3 Data Register. OS3 timing is 
shown in Figure 4. 


$C1 And SC2 In Expanded Non-Multipliexed Mode 


In the Expanded Non-Multiplexed Mode, both SC1 and 
SC2 are configured as outputs. SC1 functions as Input/Out- 
put Select (IOS) and is asserted only when $0100 through 
$O1FF is sensed on the internal address bus. 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 


SC1 And SC2 In Expanded Multiplexed Mode 


In the Expanded Multiplexed Modes, both SC1 and SC2 
are configured as outputs. SC1 functions as Address Strobe 
and can be used to demultiplex the eight least significant ad- 
dresses and the data bus. A latch controlled by Address 
Strobe captures address on the negative edge, as shown in 
Figure 14. 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 


P10-P17 (PORT 1) 


Port 1 is a mode independent 8-bit |/O port with each line 
an input or output as defined by the Port 1 Data Direction 
Register. The TTL compatible three-state output buffers can 
drive one Schottky TTL load and 30 pF, Darlington tran- 
sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 
remain unconnected. 


P20-P24 (PORT 2) 


Port 2 isa mode-independent, 5-bit, multipurpose |/O port. 
The voltage levels present on P20, P21, and P22 on the rising 
edge of RESET determine the operating mode of the MCU. 
The entire port is then configured as a data input port. The 
Port 2 lines can be selectively configured as data output lines 
by setting the appropriate bits in the Port 2 Data Direction 
Register. The Port 2 Data Register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it will be tied to the timer Output Compare function and 
cannot be used to provide output from the Port 2 Data 
Register. 

Port 2 can also be used to provide an interface for the 
Serial Communications Interface and the timer Input Edge 
function. These configurations are described in the Pro- 
grammable Timer and Serial Communications Interface. 





(SCI) section. 
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The Port 2 three-state, TTL-compatible output buffers are 
capable of driving one Schottky TTL load and 30 pF, or 
CMOS devices using external pullup resistors. 


PORT 2 DATA REGISTER 


Fé 6 S 4 3 2 1 0) 
on 


FIGURE 21-6801 FAMILY OSCILLATOR CHARACTERISTICS 


(a) Nominal Recommended Crystal! Parameters 


Nominal Crystal Parameters* 


30-50 2 30-50 2 20-40 2 
4-6 pF 4-6 pF 4-6 pF 


0.01-0.02 pF 0.01-0.02 pF 0.01-0.02 pF 
>20 K >20 K >20 K 





“NOTE: These are representative AT-cut crystal parameters only. Crystals of other 
types of cut may also be used. 


EF6801 
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Cy = 20 pF (typical) 


(b) Oscillator Stabilization Time (tac) 
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P30-P37 (PORT 3) 

Port 3 can be configured as an |/O port, a bidirectional 
8&-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out- 
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 


Port 3 In Single-Chip Mode 

Port 3 is an 8-bit I/O port in the Single-Chip Mode, with 
each line configured by the Port 3 Data Direction Register. 
There are also two lines, |S3 and OS3, which can be used to 
control Port 3 data transfers. 

Three Port 3 options are controlled by the Port 3 Control 
and Status Register and are available only in Single-Chip 
Mode: (1) Port 3 input data can be latched using |S3 as a 
control signal, (2) OS3 can be generated by either an MPU 
read or write to the Port 3 Data Register, and (3) an [ROT in- 
terrupt can be enabled by an |S3 negative edge. Port 3 latch 
timing is shown in Figure 5. 


PORT 3 CONTROL AND STATUS REGISTER 






7 6 5 4 3 2 1 0 
IS3 
1S3 Latch 
Flag IRQ1 X | OSS Enable X X X_ | SOQOOF 
Enable 
Bit 0-2 ~ Not used. 
Bit 3 LATCH ENABLE. This bit controls the 


input latch for Port 3. If set, input data 
is latched by an IS3 negative edge. The 
latch is transparent after a read of the 
Port 3 Data Register. LATCH ENAL- 
BLE is cleared during reset. 

Bit 4 OSS (Output Strobe Select). This bit 
determines whether OS3 will be 
generated by a read or write of the Port 
3 Data Register. When clear, the 
strobe is generated by a read; when 
set, it is generated by a write. OSS is 
cleared during reset. 

Bit 5 Not used. 

Bit 6 IS3 IRQ1 ENABLE. When set, an [ROT 
interrupt will be enabled whenever |S3 
FLAG is set; when clear, the interrupt 
is inhibited. This bit is cleared during 
reset. 

Bit 7 IS3 FLAG. This read-only status bit is 
set by an [S3 negative edge. It is 
cleared by a read of the Port 3 Control 
and Status Register (with IS3 FLAG 
set) followed by a read or write to the 
Port 3 Data Register or during reset. 


Port 3 In Expanded Non-Multiplexed Mode 

Port 3 is configured as a bidirectional data bus (D7-D0O) in 
the Expanded Non-Multiplexed Mode. The direction of data 
transfers is controlled by Read/Write (SC2). Data is clocked 
by E (Enable). 


Port 3 In Expanded Multiplexed Mode 

Port 3 is configured as a time multiplexed address (A0-A7) 
and data bus (D7-D0O) in the Expanded Multiplexed Modes, 
where Address Strobe (AS) can be used to demultiplex the 
two buses. Port 3 is held in a high impedance state between 
valid address and data to prevent bus conflicts. 


P40-P47 (PORT 4) 


Port 4 is configured as an 8-bit |/O port, as address out- 
puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


Port 4 In Single-Chip Mode 

In Single-Chip Mode, Port 4 functions as an 8-bit |/O port 
with each line configured by the Port 4 Data Direction 
Register. Internal pullup resistors allow the port to directly in- 
terface with CMOS at 5 volt levels. External pullup resistors 
to more than 5 volts, however, cannot be used. 


Port 4 In Expanded Non-Multiplexed Mode 

Port 4 is configured from reset as an 8-bit input port, 
where the Port 4 Data Direction Register can be written to 
provide any or all of eight address lines, AO to A7. Internal 
pullup resistors pull the lines high until the Port 4 Data Direc- 
tion Register is configured. 


Port 4 In Expanded Multiplexed Mode 


In all Expanded Multiplexed modes except Mode 6, Port 4 
functions as half of the address bus and provides A8 to A15. 
In Mode 6, the port is configured from reset as an 8-bit 
parallel input port, where the Port 4 Data Direction Register 
can be written to provide any or all of upper address lines A8 
to A15. Internal pullup resistors pull the lines high until the 
Port 4 Data Direction Register is configured, where bit 0 con- 
trols A8. 


RESIDENT MEMORY 


The EF6801 provides 2048 bytes of on-board ROM and 
128 bytes of on-board RAM. 

One half of the RAM is powered through the Vcc standby 
pin and is maintainable during Vcc powerdown. This stand- 
by portion of the RAM consists of 64 bytes located from $80 
through $BF. 

- Power must be supplied to Vcc standby if the internal 
RAM is to be used regardless of whether standby power 
operation is anticipated. 

The RAM is controlled by the RAM Control Register. 


RAM CONTROL REGISTER ($14) 

The RAM Control Register includes two bits which can be 
used to control RAM accesses and determine the adequacy 
of the standby power source during powerdown operation. 
It is intended that RAME be cleared and STBY PWR be set 
as part of a powerdown procedure. 
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RAM CONTROL REGISTER 





Bit 0-5 
Bit 6 RAME 


Bit 7 STBY PWR 


Not used. 

RAM Enable. This read/write bit can 
be used to remove the entire RAM 
from the internal memory map. RAME 
is set (enabled) during reset provided 


~ standby power is available on the posi- 


tive edge of RESET. If RAME is clear, 
any access to a RAM address is exter- 
nal. If RAME is set and not in mode 3, 
the RAM is included in the internal 
map. 

Standby Power. This bit is a 
read/write status bit which, when 
once set, remains set as long as VCC 
standby remains above Vspp (mini- 
mum). As long as this bit is set follow- 
ing a period of standby operation, the 
standby power supply has adequately 
preserved the data in the standby 


RAM. If this bit is cleared during a 


period of standby operation, it indi- 
cates that Vcc standby had fallen to a 
level sufficiently below Vsgp (mini- 
mum) to suspect that data in the 
standby RAM is not valid. This bit can 
be set only by software and is not af- 
fected during reset. 


PROGRAMMABLE TIMER 


The programmable timer can be used to perform input 
waveform measurements while independently generating an 
Output waveform. Pulse widths can vary from several micro- 
seconds to many seconds. A block diagram of the timer is 
shown in Figure 22. 


COUNTER ($09:0A) 

The key timer element is a 16-bit free-running counter 
which is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: a write to the counter 
($09) will preset it to $FFF8. This feature, intended for 
testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. TOF is set whenever 
the counter contains all ones. 


OUTPUT COMPARE REGISTER ($0B:0C) 

The output compare register is a 16-bit read/write register: 
used to control an output waveform or provide an arbitrary 
timeout flag. It is compared with the free-running counter on 
each E cycle. When a match occurs, OCF is set and OLVL is 
clocked to an output level register. If port 2, bit 1, is con- 
figured as an output, OLVL will appear at P21 and the output 
compare register and OLVL can then be changed for the next 


FIGURE 22 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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and OLVL is clocked to an output level register. If Port 2, bit 
1, is configured as an output, OLVL will appear at P21 and 
the Output Compare Register and OLVL can then be 
changed for the next compare. The function is inhibited for 
one cycle after a write to its high byte ($OB) to ensure a valid 
compare. The Output Compare Register is set to $FFFF at 
RESET. 


INPUT CAPTURE REGISTER ($0D:0E) 

The Input Capture Register is a 16-bit read-only register 
used to store the free-running Counter when a ‘‘proper’’ in- 
put transition occurs as defined by IEDG. Port 2, bit 0 should 
be configured as an input, but the edge detect circuit always 
senses P20 even when configured as an output. An input 
capture can occur independently of ICF: the register always 
contains the most current value. Counter transfer is in- 
hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E-cycles to 
ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS REGISTER ($08) 


The Timer Control and Status Register (TCSR) is an 8-bit 
register of which all bits are readable, while only bits 0-4 can 
be written. The three most significant bits provide the timer 
Status and indicate if: 


@ a proper level transition has been detected, 


@ a match has occured between the free-running 
counter and the output compare register, and 


@ the free-running counter has overflowed. 


Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER (TCSR) 





Bit 0 OLVL 


Output level. OLVL is clocked to the 
output level register by a successful 
output compare and will appear at P21 
if Bit 1 of the Port 2 Data Direction 
Register is set. It is cleared during 
reset. 

Input Edge. IEDG is cleared during 
reset and controls which level transi- 
tion will trigger a counter transfer to 
the Input Capture Register: 

IEDG = 0 Transfer on a negative-edge 
|IEDG = 1 Transfer on a positive-edge. 
Enable Timer Overflow Interrupt. 
When set, an IRQ2 interrupt is enabled 
for a timer overflow; when clear, the 
interrupt is inhibited. It is cleared dur- 
ing reset. 

Enable Output Compare Interrupt. 
When set, an IRQ2 interrupt is enabled 
for an output Compare; when clear, 
the interrupt is inhibited. It is cleared 
during reset. 


Bit 1 EIDG 


Bit 2 ETOI 


Bit 3 EOCI 


Bit 4 EICI Enable Input Capture Interrupt. When 
set, an IRQ2 interrupt is enabled for an 
input capture; when clear, the inter- 
rupt is inhibited. It is cleared during 
reset. 

Timer Overflow Flag. TOF is set when 
the counter contains all 1's. It is 
cleared by reading the TCSR (with 
TOF set) then reading the counter high 
byte ($09), or during reset. 


Output Compare Flag. OCF is set 
when the Output Compare Register 
matches the free-running counter. It is 
cleared by reading the TCSR (with 
OCF set) and then writing to the Out- 
put Compare Register ($0B or $OC), or 
during reset. 

Bit 7 |CF Input Capture Flag. ICF is set to in- 
dicate a proper level transition; it is 
cleared by reading the TCSR (with ICF 
set) and then the Input Capture 
Register High Byte ($OD), or during 
reset. 


Bit 5 TOF 


Bit 6 OCF 


SERIAL COMMUNICATIONS INTERFACE (SCl) 


A full-duplex asynchronous Serial! Communications Inter- 
face (SCI) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in- 
dependent, but use the same data format and bit rate. Serial 
data formats include standard mark/space (NRZ) and Bi- 
phase and both provide one start bit, eight data bits, and one 
stop bit. ‘Baud’ and “bit rate’’ are used synonymously in 
the following description. 


WAKE-UP FEATURE 


In a typical serial loop multi-processor configuration, the 
software protocol will usually identify the addressee(s) at the 
beginning of the message. In order to permit uninterested 
MPU’s to ignore the remainder of the message, a wake-up 
feature is included whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an idle string of ten 
consecutive 1's or during reset. Software must provide for 
the required idle string between consecutive messages and 
prevent it within messages. 


PROGRAMMABLE OPTIONS 
The following features of the SCI are programmable: 
@ format: standard mark/space (NRZ) or Bi-phase 
@ clock: external or internal bit rate clock 


@ Baud: one of 4 per E-clock frequency, or external 
clock (x 8 desired baud) . 


@ wake-up feature: enabled or disabled 
@ interrupt requests: enabled individually for trans- 
mitter and receiver 


@ clock output: internal bit rate clock enabled or dis- 
abled to P22 
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SERIAL COMMUNICATIONS REGISTERS 


The Serial Communications Interface includes four ad- 
dressable registers as depicted in Figure 23. It is controlled 
by the Rate and Mode Control Register and the 
Transmit/Receive Control and Status Register. Data is 
transmitted and received utilizing a write-only Transmit 
Register and a read-only Receive Register. The shift registers 
are not accessible to software. 


Rate and Mode Control Register (RMCR) ($10) 

The Rate and Mode Control Register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of four write-only 
bits which are cleared during reset. The two least significant 
bits control the bit rate of the internal clock and the remain- 
ing two bits control the format and clock source. 


RATE AND MODE CONTROL REGISTER (RMCR) 


7 6 5 4 3 2 1 0 
xX TXT x] x [ect [cco [ssi] $59] sooto 


SS1:SSO Speed Select. These two 
bits select the Baud rate when using, 
the internal clock. Four rates may be 
selected which are a function of the 

MCU input frequency. Table 6 lists bit 

time and rates for three selected MCU 

frequencies. 

CC1:CCO Clock Control and Format 

Select.’ These two bits contro! the for- 

mat and select the serial clock source. 

If CC1 is set, the DDR value for P22 is 

forced to the complement of CCO and 

cannot be altered until CC1is cleared. 

If CC1 is cleared after having been set, 

its DDR value is unchanged. Table 7 

defines the formats, clock source, and 

- use of P22. 

If both CC1 and CCO are set, an external TTL compatible 
clock must be connected to P22 at eight times (8X) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% (+ 10%). If CC1:CCO= 10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 


NOTE: The source of SCI internal bit rate clock is the timer 
free running counter. An MPU write to the counter 
can disturb serial operations. 


Bit 1:Bit 0 


Bit 3:Bit 2 


Port 2 


Clock 
Bit 


_ Tx 
Bit 


12 


_ FIGURE 23 — SCI REGISTERS 
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Transmit/ Receive Control And Status Register 
(TRCSR) ($11) 


The Transmit/Receive Control and Status Register con- 
trols the transmitter, receiver, wake-up feature, and two in- 
dividual interrupts and monitors the status of serial opera- 
tions. All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 


TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) 


7 6 5 4 3 2 1 0 


Bit O WU “Wake-up” on Idle Line. When set, 
WU enables the wake-up function; it is 
cleared by ten consecutive 1's or dur- 
ing reset. WU will not set if the line is 


idle. 


Transmit Enable. When set, P24 DDR 
bit is set, cannot be changed, and will 
remain set if TE is subsequently 
cleared. When TE is changed from 
clear to set, the transmitter is con- 
nected to P24 and a preamble of nine 
consecutive 1’s is transmitted. TE is 
cleared during reset. 


Transmit Interrupt Enable. When set, 
an !RQ2 interrupt is enabled when 
TDRE is set; when clear, the interrupt 
is inhibited. TE is cleared during reset. 
Receive Enable. When set, the P23 
DDR bit is cleared, cannot be chang- 
ed, and will remain clear if RE is subse- 
quently cleared. While RE is set, the 
SCI receiver is enabled. RE is cleared 
during reset. 

Receiver Interrupt Enable. When set, 
an IRQ2 interrupt is enabled when 
RDRF and/or ORFE is set; when clear, 
the interrupt is inhibited. RIE is cleared 
during reset. 


Bit 1 TE 


Bit 2 TIE 


Bit 3 RE 


Bit 4 RIE 


Bit 5 TORE 


Bit 6 ORFE 


Bit 7 RORF 


TABLE 6 — SCI BIT TIMES AND RATES 









26 ws/38,400 Baud 
208 ys/4,800 baud 
1.67 ms/600 Baud$ 
6.67 ms/150 Baud 


0 
1 
i 


“Using maximum clock rate 


| ssusso | “e=_| _ 260 | _—— 1.2288 MHz 


16 ws/62,500 Baud 








128 ps/7812.5 Baud 


1.024 ms/976.6 Baud 
4.096 ms/244.1 Baud 


anal Pa 13.0 »s/76,800 Baud 8.0 ps/ 125,000 Baud 6.5 ps/ 153,600 Baud 








Transmit Data Register Empty. TORE 
is set when the Transmit Data Register 
is transferred to the output serial shift 
register or during reset. It is cleared by 
reading the TRCSR (with TORE set) 
and then writing to the Transmit Data 
Register. Additional data will be 
transmitted only if TORE has been 
cleared. 


Overrun Framing Error. If set, ORFE in- 
dicates either an overrun or framing er- 
ror. An overrun is a new byte ready to 
transfer to the Receiver Data Register 
with RDORF still set. A receiver framing 
error has occurred when the byte 
boundaries of the bit stream are not 
synchronized to the bit counter. An 
overrun can be distinguished from a 
framing error by the state of RDRF: if 
RDRF is set, then an overrun has oc- 
curred; otherwise a framing error has 
been detected. Data is not transferred 
to the Receive Data Register in an 
overrun condition. Unframed data 
causing a framing error is transferred 
to the Receive Data Register. 
However, subsequent data transfer is 
blocked until the framing error flag is 
cleared.” ORFE is cleared by reading 
the TRCSR (with ORFE set) then the 
Receive Data Register, or during reset. 


Receive Data Register Full. RDRF is 
set when the input serial shift register 
is transferred to the Receive Data 
Register. It is cleared by reading the 
TRCSR (with RDRF set), and then the 
Receive Data Register, or during reset. 







13.0 ps/76,800 Baud 
104.2 ps/9,600 Baud 
833.3 ys/1,200 Baud 
3.33 ms/300 Baud 








TABLE 7 — SC! FORMAT AND CLOCK SOURCE CONTROL 













Internal 
Internal 





Internal 





External 
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Clock Port 2 
j_ccveco | rome | te | “Sra 
Bi-Phase 
NRZ 
NRZ 


NRZ 


Not Used 
Not Used 
Output 
Input 





SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to the 
Rate and Mode Control Register and then to the 
Transmit/ Receive Control and Status Register. When TE is 
set, the output of the transmit serial shift register is con- 
nected to P24 and serial output is initiated by transmitting a 
9-bit preamble of 1's. 

At this point one of two situations exist: 1) if the Transmit 
Data Register is empty (TDRE= 1), a continuous string of 1's 
will be sent indicating an idle line, or 2) if a byte has been 
written to the Transmit-Data Register (TDRE=0), it will be 
transferred to the output serial shift register (synchronized 
with the bit rate clock), TDRE will be set, and transmission 
will begin. 

The start bit (0), eight data bits (beginning with bit 0) anda 
stop bit (1), will be transmitted. If TDRE is still set when the 
next byte transfer should occur, 1’s will be sent until more 
data is provided. In Bi-phase format, the output toggles at 
the start of each bit and at half-bit time when a ‘’1” is sent. 
Receive operation is controlled by RE which configures P23 
as an input and enables the receiver. SC! data formats are il- 
lustrated in Figure 24. . 


INSTRUCTION SET 


The EF6801/03 is upward source and object code: 


compatible with the EF6800. Execution times of key instruc- 
tions have been reduced and several new instructions have 
been added, including a hardware multiply. A list of new 
operations added to the EF6800 instruction set is shown in 
Table 1. 

In addition, two new special opcodes, 4E and 5E, are pro- 
vided for test purposes. These opcodes force the Program 
Counter to increment like a 16-bit counter, causing address 
lines used in the expanded modes to increment until the 
device is reset. These opcodes have no mnemonics. 

- The coding of the first (or only) byte corresponding to an 


executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 


PROGRAMMING MODEL 


A programming model for the EF6801/03 is shown 
in Figure 10. Accumulator A can be concatenated with ac- 
cumulator B and jointly referred to as accumulator D where 
A is the most significant byte. Any operation which modifies 
the double accumulator will also modify accumulator A 
and/or B. Other registers are defined as follows: 


Program Counter — The program counter is a 16-bit 
register which always points to the next instruction. 


Stack Pointer — The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup (LIFO) queue. The stack resides in ran- 
dom access memory at a location defined by the program- 
mer. 

Index Register — The Index Register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


Accumulators — The MPU contains two 8-bit ac- 
cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit (ALU). They can also be 
concatenated and referred to as the D (double) accumulator. 


Condition Code Registers — The condition code register 
indicates the results of an instruction and includes the 
following five condition bits: Negative (N), Zero (Z), 
Overflow (V), Carry/Borrow from MSB (C), and Half Carry 
from bit 3 (H). These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask (I-bit) and in- 
hibits all maskable interrupts when set. The two unused bits, 
B6 and B7, are read as ones. 


FIGURE 24—SCi DATA FORMATS 
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ADDRESSING MODES 

Six addressing modes can be used to reference memory. 
A summary of addressing modes for all. instructions Is 
presented in Tables 9, 10, 11, and 12, where execution times 
are provided in E-cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 MHz, 
E-cycles are equivalent to microseconds. A cycle-by-cycle 
description of bus activity for each instruction is provided in 
Table 14 and a description of selected instructions is shown 
in Figure 25. 


immediate Addressing — The operand or ‘immediate 
byte(s)’’ is contained in the following byte(s) of the instruc- 
tion where the number of bytes matches the size of the 
register. These are two or three byte instructions. 


Direct Addressing — The least significant byte of the 
operand address is contained in the second byte of the in- 
struction and the most significant byte is assumed to be $00. 
Direct addressing allows the user to access $00 through SFF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica- 


tions, the 256-byte area is reserved for frequently referenced 
data. 

Extended Addressing — The second and third bytes of the 
instruction contain the absolute address of the operand. 
These are three byte instrutions. 

Indexed Addressing — The unsigned offset contained in 
the second byte of the instruction is added with carry to the 
Index Register and used to reference memory without 
changing the Index Register. These are two byte instruc- 
tions. 

Inherent Addressing — The operand(s) are registers and 
no memory reference is required. These are single byte in- 
structions. 

Relative Addressing — Relative addressing is used only for 
branch instructions. If the branch condition is true, the Pro- 
gram Counter is overwritten with the sum of a signed single 
byte displacement in the second byte of the instruction and 
the current Program Counter. This provides a branch range 
of — 126 to 129 bytes from the first byte of the instruction. 
These are two byte instructions. 


TABLE 8 — CPU INSTRUCTION MAP 





[OP _MNEM MODE ~ «|| OP MNEM MODE ~  #|lOP MNEM MODE ~ #|] OP MNEM MOOE ~ «|| OP MNEM  MOOE ~ _ #] 
00 : 34 DES INHER 3 21] 9c CPX DIR 5 21] 00 SUuBB OIR 3.2 
01 NOP INHER 2 Vi} 35 TXS 3 2} | 90 JSR 5 2101 CMPB 3. 2 
02 . 36 PSHA 3 2|| 9€ LOS 4 21162 SRCB 3 2 
03 5 37 PSHB 3 OF STS DIR 6 {03 AD0D 5 2 

| 04 LSRO 3 111 38 PULX 5 40 SUBA INDXD 4 2/104 ANDB 3. 2 
05 ASLO 3 1]1 39 RTS 5 Al CMPA 4 21] 05 BITB 3 2 
06 TAP 2 Vt] 3a ABX 3 A2 SBCA 4 21{06 LOAB 3. 2 
07 TPA 2 iH 3a RT {0 A3 SUBD 6 2{| 07 STAB 3.2 
08 INX 3 1}} 3c PSHX 4 A4 ANDA 4 2|| 08 EORB 3 2 
09 DEX 3 Y]} 30 MUL 10 AS BITA 4 21] 09 AOCB 3 2 
OA CLV 2 11] 3€ WA! 9 A6 LOAA 4 21|/0A  ORAB 3. (2 
0B SEV 2 V]} 3F sw 12 6 A7 STAA 4 2{| 08 ADOB 3 2 
Oc CLC 2 1]] 40 NEGA 2 6 A8 EORA 4 2); 0C LOO 4 2 
oo SEC 2 1d] a1 . Ag AOCA 4 2}{]00 STO 4 2 
OE cu 2 1\) 42 . 6 31, AA ORAA 4  2{)0€ LOX 4 2 
OF SE! 2 14] 43 COMA 6 3/4 AB ADDA 4 2{| OF STX DIR 4 2 
10 SBA 2 V1 44 LSRA 6 31} ac CPX 6 24/0 SuBB INDXO 4 2 
1 CBA 2 11) 45 . 6 3/}AD JSR 6 tye} CMPB 4 2 
12 x 46 RORA 2 6 3/} Ae LDS 5 2], E2 SBCB 4 2 
V3 ° 47 ASRA 2 AF STS INOXD 5 2]; €3 ADDD 6 2 
14 , 48 ASLA 2 6 3{} 680 SUBA EXTIND 4 3//64 ANDB 4 2 
1S 49 ROLA 2 6 3}]] 81 CMPA 4 3//€5 BITB 4 2 
16 TAB 2 44 —DECA 2 3. 31|/82 SBCA 4 31/66 .toAB 4 2 
17 TBA 2 48 : 6 3// 83 SUBD 6 3//€7 STAB 4 2 
18 . 4c INCA 2 2 2} | B4 ANDA 4 3} {es EORB 4 2 
19 DAA INHER 2 1 |} 40 TSTA 2 2 2] | 85 BITA 4 3/)€9 A0CB 4 2 
A * 4€ T 2 21) B86 LOAA 46 31/EA  ORAB 4 2 
1B ABA INHER 2 Vt 4e CLRA 2 4 3}} 87 STAA 4 3}/€8 ADDB 4 2 
1c ; 50 NEGB 2 2 2] | 88 EORA 4 3}, EC LDO 5 2 
10 51 : 2 2) | 89 ADCA 4 3]//€0 STD 5 2 
1E 52 ‘ 2 211 BA ORAA 4 {IEE Lt Ox 5 2 
iF ° 53 COMB 2 BB ADDA 4 3)/eF STX INOXD 5§ 2 
20 BRA REL 3. 21154 LSRB 2 2  2\|] 8c CPX 6 311FO SUBB EXTNO 4 3 
21 BRN 3. 21/55 . 2 2|] 80 JSR 6 3\)Fi CMPB 4 3 
22 BHI 3 21/56 RORB 2 2  2]/8€ LOS 5 3 3/}F2 SBCB 4 3 
23 BLS 3. 24/57 ASRB 2 2 = 2) | BF STS EXTND 5 3]}F3 ADOD 6 3 
24 BCC 3. 214/58 ASLB 2 4 3| | co SUBB IMMED 2 2/j]F4 ANOB 4 3 
25 BCS 3. 21/59 ROLE 2 6 21)C) CMPB 2 24I"5 BITB 4 3 
26 BNE 3. 215A DECB 2 3 344C2 SBCB 2 2/16 LDAB 4 3 
27 BEQ 3 21/56 . C3 ADDO 4 3 lr? STAB 4 3 
28 BVC 3 2 115C INCB 3 21)C4 ANOB 2 24)F8 EORB 4 3 
29 BVS 3 21}50 TSTB 3 2), C5 BITB 2 2/)F9 AOCB 4 3 
2A BPL 3. 2]/5€ T 3 2116 LOAB 2 2{]FA ORAB 4 3 
2B BMI 3. 2 |} 5F CLRB INHER 2 5 244¢7 : FB ADOB 4 3 
2c 8GE 3 21/60 NEG INDXD 6 3. 21)Cc8 EORB 2 2i{Fc LDO 5 3 
20 BLT 3. 24/6) . 3. 2I/]/c9 ADCB 2 24 /FO STD 5 3 
2E BGT 3 2/162 . 3. 214A ORAB 2 2) /FE LOX 5 3 
2F BLE REL 3. 24/63 COM 6 3. 2];/cB A008 2 2] |FF STX EXTND 5 3 
30 TSX INHER 3 1 |}64 LSR 6 3 244CC too 3 3 
31 INS 3 11/65 . 3 2, | co : 

32 PULA } 4 1{/66 Ror 6 3 2}|co Lox IMMED 3. 3 “UNDEFINED OP CODE 
33 PULB 4 1 1/67 ASR INDXD 6 3. 2yycrF ° 
NOTES: 


1. Addressing Modes 
INHER m Inherent 
REL = Relative 

2. Unassigned opcodes are indicated by 


INDXD a Indexed 
EXTND m Extended 


se@re 


DIR = Direct 


IMMED #8 Immediate 
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and should not be executed. 
3. Codes marked by ‘‘T’’ force the PC to function as a 16-bit counter. 


TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 


[6141 3]2/ 1/0) 


Boolean/ gl Cc 


T_T LT TefelTTteal_ 
T | |iLitlielel |] fol « 
| | [ft fstsisisl | | | isl 3 
Ft UE LE Cf epetetet ftp fet 3 
—TTTTCTSISsie_ TET Tafa] 
| st ft Paslaiae TTT far 3 
Tt LT fefefofol Ty fel 
T_T _LLLISIsisisl LL Ish a] 


Pointer Operations 


Arithmetic Operation 
m-M Met fofots i 
MT I 
Sp-1=spo 


M -—SPwH, (M + 1) SPL 
XH -=M, Xi -—(M + 1) 


Push Data 


Pull Data 



































Accumulator and |_immed | Direct | index | Extend | Boolean 
| Memory Operations _| MNE Toa) alOsl <1 [Gal = TF Oal 1 #IOe Expression 
| AddAcmitrs {ABA | OT TT tt TT TT 8 
| AddBtoX  fABX | OT Tt tT tT TT 3A 

Add with Carry |ADCA| 89] 2 | 2] 99] 3 | 2] A9/ 4 [2/89/41 3) 

| ADcB | C9/ 2 | 2/09] 3 | 2} €9] 4 [2] Fala] 3 | 

| A RR | 8B} 2 | 2] 98] 3 | 2] AB) 4 | 2] 6B) 4) 3) 
|ADb8 | CB] 2 | 2/08] 3 | 2] eB) 4 2) Fei 4{3) 

|_ Add Double | ADDD| C3 4 [3/03] 5 | 2] €3/ 6 [2] F316] 3] 
p Ane ae eat toteatstotesta tot estat st 
|ANDB | C4] 2 | 2104/3 | 2/4) 4 fai raat 3) 

Shift Left, ASL | of | | ff [68] 6 f2i 7eié {3} 
Arithmetic ASIA} | tt | lt 48) 
ASLB] | j | | jf | fT fj | tT 58) 





— Continued — 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (CONTINUED) 


Condition Codes 


Boolean 


Expression 


Accumulator and 
Memory Operations 
Shift Left Dbl 
Shift Right, 
Arithmetic 


M:M+ 1 --D 


< 
' 


|Adj binary sumtoBCD/@] @] i] it tt ¢ | 


= 
po 
ia 
° 
O 
(x 


leftard islet PEPPER EEE EEEE 
oie] [IS] | Fl isis] | | sisi |sis} | | isis} | | | ial) | 
wTIw ww Tw w 


BCR TERT BERT ETT Beet Teer [Te 


ODIIeIies 
“Thovlatitecs =e ——Tefefel efel « 
olor il itRie| 
jeolelelelele| 


CE hae ee LIER EIEN 


[A-Stack ss Lol ole! elele| 
|B=Stack ss “fol elelelele| 
[Stack =A [Ol @l ol elele. 
A-MeA toletil ti it yy 
iB-M=B fel eti ttt 


a 


LJA+M~A fel el tire! 


Cee 


fil {TT Ue | ie | | pele lelelelstels) | AR 


| | | [sbfolijaxBeo —ifelelelele!} 
P70} 613} | | |oO-M=M_ feletititl 


ppp de OO AA 


BCC CCCs CCC sie Cele TT 
PE Tele TTT dele Tt TT tt tele] | dele] TT ET tT 
St ttt dels} ttt ele] TT tT dis] | sist | tt 
BCC ss CCCs ele isislel TTT 
Se a thee bee ou 


Compare Acmitrs 
1's Complement 
Decimal Adj, A 
Decrement 
Exclusive OR 
Increment 

Load Acmitrs 
Load Double 
Logical Shift, 
Shift Right 


Subtract Double 


Subtract Acmitr 
Transfer Acmitr 


No Operation 

Inclusive OR 

Rotate Left 

Rotate Right 

Subtract with 
Carr 

Test, Zero or 


Pull Data 


2's Complement 
(Negate) 





The Condition Code eer notes are listed after Table 1 
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS 

















| 
[6 14 {3} 2ii]o| 

eee —_| same BABI AT 

BRA sees we 

[Branch Never [CBRN 2 TTT TT fe 

Hate eee fe lele| 

BCS 2, TTT TT jo [e lelelele| 
Branch if=Zero | BEQ UR eee [0 je jejelele| 
Branchif=Zero | BGE aT TTT Tt IN@v=0 fe lelelelele| 
es{2; [TT TTT [[iz+wow-0  [elelelelele| 
Branch Higher [BHI 22(3f2t [TTT TTT [[le+z=0 ele lelelele| 
Branch Higher orSame | ens | | | {2a{af2i || | [|| | |]c-o  _—ifefelelelele) 
[Branch it= Zero +t ee | || (2Fi3ja| (111 Z+INOV=1 _ [elelelelele| 
Branch Carry Set |_| [| [as[af2t TT | Tey [yfe=1 fefelefelele| 
[Branch flower Or Same | Bis | | | j23i3j2{ TTT {{{ fi ic+z= 0 je jelelele| 
Branch it<Zero | we TTT f2ofsf27 TTT TT [Nev je [elelelele| 
Branch if Minus TMT TT epst2r TT TT TT in=t [efelelelele | 
[Branch WNotEqualZero | ene | | [ |2e(s{2j [| | ||] [iiz-0  Jelelelelele 
Bvc PT estar PY et | tivo tefelete fete 
[Branch Overflow Set [| avs | | | [2a(s[2t [TT TTT [[iv=1  Telelelelele| 
Branch ries ——— da tT ff fine ____fefeiete ete, 
[Branch To Subroutine [BSR || | [80 2 tt fede ds al ade See Special le lelelelele| 
met TTT [I fee[sfaivels[3[ [Ti operations- [fe fee fe fe | 
Jump To Subroutine [SR fSD]5] 2] | | Abe] 2|eofela] || |’ Fauwe 2 fe lelelelele| 
No Operation | NOP OT TTT TTT UT TT ore ti felelelelele| 
ee ETE TE UE 
Return From Subroutine [RTS TTT PTT TT TTT [39 ]5 Jil See Special 
[Sofware interrupt | —ssm_—sT «Td TT TET TTT TT bene 20 

, a eee eee eee 


| 5 [4] 3] 2] 1/0 | 


Operations PH {tT N| z]vic| 


Clear Carry 


Clear Interrupt Mask 


Set Carry SEC 
[Set interrupt Mask —SSCSC~—CSCSSY CSS _ OF 


CCR Accumulator A 





LEGEND CONDITION CODE SYMBOLS 
OP Operation Code (Hexadecimal) 
~ Number of MPU Cycles 

Msp Contents of memory location pointed to by Stack Pointer 


Half-carry from bit 3 
Interrupt mask . 
Negative (sign bit) 


H 
| 
N 
# Number of Program Bytes Z Zero (byte) 
_ + Arithmetic Plus V_ Overflow, 2’s complement 
‘- Arithmetic Minus C Carry/Borrow from MSB 
@ Boolean AND R Reset Always 
X Arithmetic Multiply S Set Always 
+ Boolean Inclusive OR { Affected 
© e 


Boolean Exclusive OR 
M Complement of M 

-~ Transfer Into 

O Bit = Zero 

OO Byte = Zero 


Not Affected 
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E-CYCLES 


ADDRESSING MODE 






ADDRESSING MODE 








immediate 
immediate 


indexed 
Relative 






Manda ea @ @ | Extended 


O&A DhE®S 


O@nnhOOeDODO 
@ernrAeeqernenn 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the information 
present on the address bus, data bus, and the read/write 
(R/W) line during each cycle of each instruction. 

The information is useful in comparing actual with ex- 
pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 


IMMEDIATE 


Opcode Address 
Opcode Address + 1 


.| Opcode Address 
Opcode Address + 1 
Opcode Address + 2 


Opcode Address 

Opcode Address + 1 
} Opcode Address + 2 

Address Bus FFFF 


per instruction. In general, instructions with the same ad- 
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external data bus ex- 
cept in mode 0. “High order’’ byte refers to the most- 
significant byte of a 16-bit value. 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 


Address Mode and Cycle | R/W 
. Instructions Cycles| ¥ Address Bus Line Data Bus 


Opcode 
Operand Data 


Opcode 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
UOpcode 

| Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 





DIRECT 
Opcode Address 
Opcode Address + 1 
Address of Operand 


Opcode Address 
Opcode Address + 1 
Destination Address 
| Opcode Address 
Opcode Address + 1 
| Address of Operand 
Operand Address + 1 
Opcode Address 
| Opcode Address + 1 
Address of Operand 
{ Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 

Stack Pointer — 1 


1 
2 
3 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 


Opcode 
Address of Operand 
Operand Data 


Opcode 
Destination Address 
Data from Accumulator 


Opcode 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Address of Operand 

Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Opcode 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





EXTENDED 


Ez 


joo nen = 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles| # ‘Address Bus Line 


Opcode Address 

Opcode Address + 1 
Opcode Address + 2 
Opcode Address 

Opcode Address+ 1 
Opcode Address + 2 
Address of Operand 


Opcode Address 

Opcode Address.+ 1 

Opcode Address + 2 

Operand Destination Address 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Operand Address 
Operand Address + 1 
Address Bus FFFF 


Opcode Address 

Opcode Address + 1 

Opcode Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 


Opcode 
Jump Address (High Order Byte! 
Jump Address (Low Order Byte) 


Opcode 

Address of Operand 

Address of Operand (Low Order Bytui 
Operand Data 


Opcode 

Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Data from Accumulator 

Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 

Opcode 

Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Low Byte of Restart Vector 


Opcode 


Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 


Opcode of Next instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 





*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus = $FFFF. 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5) 


Address Mcde and Cycle 
Instructions Cycles; # Address Bus 


R/W 
Line Data Bus 











INDEXED 
JMP 3 Opcode Address 
Opcode Address + 1 
Address Bus FFFF 





| Opcode Address 
Opcode Address + 1 
Address Bus FFFF 

index Register Pius Offset 


PWNM Hf WH = 





Opcode Address 








STA 
Opcode Address + 1 
Address Bus FFFF 
Index Register Plus Offset 
LOS 5 Opcode Address 
LOX Opcode Address + 1 
LDD Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset + 1 
STS. 5 Opcode Address 
STX Opcode Address + 1 
STD Address Bus FFFF 


index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 
Address Bus FFFF > 

Index Register Plus Offset 


CPX J | Opcode Address 
SUBD Opcode Address + 1 
ADDD Address Bus FFFF 
| Index Register + Offset 
Index Register + Offset + 1 
Address Bus FFFF 
JSR Opcode Address 


Opcode Address + 1 
Address Bus FFFF 
Index Register + Offset 
Stack Pointer 

Stack Pointer — 1 





Oar Wn FA Ah WH HID A AWH $1 PB Wh —|O B&B Wh =] AW Pd = 




























Opcode 

Offset 

Low Byte of Restart Vector 
Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 
Offset 
Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector © 
New Operand Data 


Opcode: 
Offset 
Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 
Offset 
Low Byte of Restart Vector 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 

























*TST does not perform the write cycle during the sixth cycle. The sixth cycie is another address bus= $FFFF. 


1-60 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus 


INHERENT 


Opcode 
Opcode of Next instruction 


Opcode Address 
Opcode Address + 1 










Opcode 
Irrelevant Data 
Low Byte of Restart Vector 


ABX 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 

Previous Stack Pointer Contents 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Stack Pointer 


ASLD 
LSRO 


Opcode 
Irrelevant Data 
Low Byte of Restart Vector 





DES 
INS 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 








INX 
DEX 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 
















PSHA 
PSHB 


Opcode 
Opcode of Next Instruction 
Accumulator Data 
















TSX Opcode Address 1 Opcode 
Opcode Address + 1 ] Opcode of Next Instruction 
Stack Pointer 1 Irrelevant Data 

TXS Opcode Address Opcode 










Opcode of Next Instruction 
Low Byte of Restart Vector 
Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Operand Data from Stack 


Opcode 

Irrelevant Data 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 


Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer — 1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer + 2 















PULA 
PULB 











PSHX 





















PULX Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register (High Order Byte) 


Index Register (Low Order Byte) 








Fe 
josen-[aen! 













RTS Opcode Address Opcode 
Opcode Address + 1 Irrelevant Data 
Stack Pointer Irrelevant Data 
Stack Pointer+ 1 Address of Next Instruction (High Order Byte) 
Stack Pointer +2 Address of Next Instruction (Low Order Byte) 
WAI Opcode Address Opcode 


Opcode Address + 1 
Stack Pointer 
Stack Pointer -— 1 
Stack Pointer — 2 


Opcode of Next Instruction 

Return Address (Low Order Byte} 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 


Stack Pointer —3 
Stack Pointer —- 4 
Stack Pointer—5 
Stack Pointer -—6 


ee 
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INHERENT 


DEP DBNAMNAWNHAIZFODNDAMHAWND = 


MO mBmOoVOANANABWN — 


Opcode Address 


Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 


Opcode Address 


Opcode Address + 1 


Stack Pointer 

Stack Pointer + 1 
Stack Pointer + 2 
Stack Pointer+3 


_ Stack Pointer +4 


Stack Pointer+5 
Stack Pointer +6 
Stack Pointer+7 


Opcode Address 


Opcode Address + 1 


Stack Pointer 

Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer —3 
Stack Pointer —4 
Stack Pointer-—5 
Stack Pointer-—6 
Stack Pointer —7 


Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 


Opcode Address 


Opcode Address + 1 
Address Buss FFFF 


Opcode Address 


Opcode Address + 1 


Address Bus FFFF 


Opcode Address + 1 


Subroutine Starting Address 


Stack Pointer 
Stack Pointer — 1 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 


Address Mode and Cycle a R/W 
Instructions Cycles} # Address Bus Line Data Bus 





Opcode 

Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

Irrelevant Data 

Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack (High Order Byte) 

Index Register from Stack (Low Order Byte) 

Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 


Opcode 

Irrelevant Data 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 
Contents of Accumulator A 

Contents of Accumulator B 

Contents of Condition Code Register 
Irrelevant Data 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 


Opcode 
Branch Offset 
Low Byte of Restart Vector 


Opcode 

Branch Offset 

Low Byte of Restart Vector 
Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 





€9-1 


FIGURE 25— SPECIAL OPERATIONS 


JSR, Jump to Subroutine SWI, Software Interrupt Main Program sP Stack 


nc Nan Poin : oo] 
$9D = JSR RIN; sp-6 | Condition Code 


RIN Next Main Instr. SP-4 
K = Direct Address SP-3 








Main Program a Stack WAI, Wait for Interrupt Main Program SP-2 


PC 
— SAD=JSR — > SP-2 $3E = WAI SP-1 
INDXD K = Offset SP-1 RTNW RIN aaa SP 





































RTI, Return from Interrupt Interrupt Program sP Stack 
Main Program PC $3B = ATI 7) 
PC $BD=JSR fee te et eel SP+1 | Condition Code 
SH = Subr. Addr. SP +2 
EXTND 
ATN ere 
SP +5 | Index Register (X,) 
BSR, Branch To Subroutine : sp SP +6 
Main Program wr Stack 
BSH Bianchi Suen ' : oe 
z a 
SP-1 RTNH p 
JMP, Jump Main Program PC Main Program 
RTN SP RTNL PC 
RTS,R from Subrouti SP : INDXD . 
, Return from Subroutine Subroutine Stack ‘ Extended 
—> “SP+2 RTNL 
Legend: 


RTN= Address of next instruction in Main Program to be executed upon return from subroutine 
RTNY = Most significant byte of Return Address 

RTN, = Least significant byte of Return Address 

— = Stack Pointer After Execution 

K =8-bit Unsigned Value 


PHYSICAL DIMENSIONS 


CB-182 


(1). Nominal dimension 
(2) True geometrical position 





P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 


y 
CB-182 
C SUFFIX 
CERAMIC PACKAGE 





CB-521 


Pin J identification 


14.99 
16,00 





FN SUFFIX 
PLCC 44 


L 


max. 
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ORDERING INFORMATION 


The information required when ordering acustom MCU 
is listed below. The ROM program may be transmitted to 
THOMSON SEMICONDUCTEURS on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local THOMSON SEMICONDUC- 
TEURS representative or distributor. 


EPROMs 


Two 2708 or one 2716 type EPROMs, program- 
med with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. 
The EPROM must be clearly marked to indicate which 
EPROM corresponds to which address space. The recom- 
mended marking procedure is illustrated below : 


F800 | FCOO 
XXX = Customer ID 


After the EPROM(s) are marked, they should be placed in 
conductive IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are fil- 
ed for contractual purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed, 
signed, and returned to THOMSON SEMICONDUC- 
TEURS. The signed verification form constitutes the 


contractual agreement for creation of the customer mask. 
If desired, THOMSON SEMICONDUCTEURS will pro- 
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will be 
sent for program verification. These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged In ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by THOMSON SEMICONDUC- 
TEURS. Quality Assurance, and should be discarded 
after verification is completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, EF DOS/ 
MDOQOS* compatible floppies. 
The customer must write the binary file name and compa- 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* system files, as well as the absolute 
binary object file (Filename .LO type of file) from the 
6801 cross assembler, must be on the disk. An object file 
made from a memory dump using the ROLLOUT com- 
mand is also acceptable. Consider submitting a source 
listing as well as the following files : filename .LX (DEVI- 
CE/EXORciser loadable format) and filename .SA (ASCII 
Source Code). These files will of course be kept confiden- 
tial and are used 1) to speed up the process in-house if any 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software errors and needs 
assistance quickly from THOMSON SEMICONDUC- 
TEURS factory representatives. f 
EFDOS is THOMSON SEMICONDUCTEURS'’ Disk 

Operating System available on development systems 
such as DEVICE... 

MDOS* is MOT OROLA'‘s Disk Operating System available 
on development systems such as EXORciser.... 


*Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa- 
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached ‘MCU customer ordering 
sheet’’ to your local THOMSON SEMICONDUCTEURS representative. 


ORDERING INFORMATION 


P,V 


EF6803 
Device | | — Screening level 
Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and screening 


level. Other possibilities on request. 


PACKAGE 
DEVICE 


EF68A01/03 
EF68A03 
Peavae | eroason 


Examples : EF6801P, EF6801FN, EF6801PV, EF6803CV 


OPER. TEMP. SCREENING LEVEL 


| PACKAGE 
pe jy fe je Ten] |v jm [sed | o | ce | Be | 


Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp.: L*: 0°C to + 70°C, V: —40°C to +85°C, M: —55°C to + 125°C, *: may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 


EXORciser is a registered trade mark of MOTOROLA Inc. 
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EF6801U4°EF6803U4 





ADVANCE INFORMATION 
HMOS 


HIGH-DENSITY 


The EF6801U4 is an 8-bit single-chip microcomputer unit (MCU) N-CHANNEL. SILICON.GATE 


which enhances the capabilities of the EF6801 and significantly 
enhances the capabilities of the EF6800 Family of parts. It includes MICROCOMPUTER/ 
an EF6801 microprocessor unit (MPU) with direct object-code com- MICROPROCESSO 

patibility and upward object-code compatibility with the EF6800. R 
Execution times of key instructions have been improved over the 
EF 6800 and the new instructions found on the EF 6801 are included. 
The MCU can function as a monolithic microcomputer or can be. ex- 
panded to a 64K byte address space. It is TTL compatible and requl: 
res one + 5-volt power supply. On-chip resources include 4096 by tes 
of ROM, 192 bytes of RAM, a serial communications interface (SCI), 
parallel I/O, and a 16-bit six-function programmable timer. The 
EF6803U4 can be considered as an EF6801U4 operating in modes 


2 or 3 ; 1.e., those that do not use internal ROM. P SUFFIX 


PLASTIC PACKAGE 
Enhanced EF 6800 Instruction Set 
Upward Source and Object Code Compatibility with the EF6800 
and EF 6801 


Bus Compatibility with the EF6800 Family 

8 x 8 Multiply Instruction yh 

Single-Chip or Expanded Operation to 64K Byte Address Space EN SUFFIX 
Internal Clock Generator with Divide-by-Four Output PLCC 44 


Serial Communications Interface (SCl) 
16-Bit Six-Function Programmable Timer 
Three Output Compare Functions 

Two Input Capture Functions PIN ASSIGNMENT 
Counter Alternate Address 

4096 Bytes of ROM (EF6801U4) 

192 Bytes of RAM 

32 Bytes of RAM Retainable During Power Down 
29 Parallel 1/O and Iwo Handshake Control Lines 
NMI Inhibited Until Stack Load 


Complete Development System Support on DEVICE® 


— 40°C to 85°C Temperature Range 


pevices THOMSON SEMICONDUCTEURS'’ development/emulation tool. 
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P47 
P46 
P45 
P44 
P43 
P42 
P41 
P40 


A7/D7 
A6/D6 
A5/D5 
A4/D4 
A3/D3 
A2/D2 
A1/D1 
A0/DO 
R/W 
AS 


A15 
Al4 
Al3 
Al2 
All 
Al0 
Ag 

A8 


A7 


Ad 
A4 


A2 
Al 
AO 


1/0 
1/0 
1/0 
170 
1/0 
1/0 
1/0 
1/0 





EF6801U4 MICROCOMPUTER FAMILY BLOCK DIAGRAM 


Expanded Multiplexed 
Expanded Non-Multiplexed 


| - Single Chip 


: rr “an “Mux ail 
Poets 


3 ye 
SU] 


Vcc Standby 


Address 


Standby 


RAM 





NOTE : No functioning ROM in EF6803U4. 






4096 x 8 
ROM 
(See Note) 
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P20 
P21 
P22 


P23 
P24 


P10 
P11 
P12 
P13 


P15 
P16 
P17 


TIN1 
TOUT1 
SCLK 


RDATA 
TDATA 


TIN2 
TOUT2 
TOUTS 


/0 
1/0 
i/0 


1/0 
i/O 


170 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
/O0 


MAXIMUM RATINGS 


Rating 
Supply Voltage 






Input Voltage 





This device contains circuitry to protect the in- 
puts against damage Cue to high static voltages 
or electric fields; however, it is advised that nor. 
mal precautions be taken to avoid application of 
any voltage higner than maximum rated voltages 
to this high-impedance circuit. For proper opera 
tion It is recommended that Vij and Voyt be con- 
strained to the range Vss <(Vin or Vout) S VCC 
Input protection 1s enhanced by connecting 
unused inputs to either Vpp or VSs 


Operating Temperature Range 






EF6801/03U4, EF6801/03U4-1, 
EF68A01/03U4 
EF6801/03U4, EF6801/03U4-1 : V suffix 


Storage Temperature Range —55 to + 150 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 
Plastic 
PLCC 











Syiibal 


OIA 50 °C/W 
100 


POWER CONSIDERATIONS 














The average chip-junction temperature, Ty, in °C can be obtained from: 
TJ=TAt+(Ppedja) (1) 
Where: 
Ta=Ambient Temperature, °C 
6) A= Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD =PINT + PPORT 
PINT=!cc x Vcc, Watts — Chip Internal Power 
PPORT = Port Power Dissipation, Watts — User Determined 


For most applications PpORT<€PI|NT and can be neglected. PPQORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PporT is neglected) is: 


‘Pp=K+(Tj+273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Ppe(Ta + 273°C) + bj AePD2 (3) 


Where K is a Constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 


for a known Ta. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 


CONTROL TIMING (Vcc =5.0 V +5%, Vos=0, Ta=0 to 70°C) 


EF6801U4 | EF6801U4-1/E F68A01U4 
Characteristic Symbol | EF6803U4! EF6803U4-1/E F68A03U4 
Frequency of Operation 1.0 P ; 


Crystal Frequency 


Processor Control Setup Time 
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DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vde +5%, Vsg=0, TA=T_ to TH unless otherwise noted) 


EF6801/03U4-A01/03U4| EF6801U4/6803U4 
-40°to+85°C | 


Characteristic 0° to + 70°C 


| Min 
Input High Voltage RESET | Vin, | Vsg+4.0 VEC Vss+4.0 
Other Inputs * Vsg+2.0 Vcc VSSt2.2 
Input Low Voltage All Inputs * 


Input Load Current (Vjn=0 to 2.4 V) 


Input Leakage Current 
(Vin=0 to 5.5 V) 
Hi-Z (Off-State) Input Current 
(Vin = 0.5 to2.4 V) 
Output High Voltage 
(Load = — 65 nA, Vcc= Min) 
(ILoad= — 100 pA, Vcc = Min) 
Output Low Voltage 
(ILoad= 2.0 mA, Vcc= Min) 
Darlington Drive Current 
(Vo=1.5V) 


Input Capacitance 
(Vin =O, Ta = 25°C, 
fo= 1.0 MHz) 

Vcc Standby 


NMI, IRQ1, 
Port 1, Port2, Port3 


Port 4, SC1, SC2 
Other Outputs 


Port 3, Port 4, SC1 
Other Inputs 


Powerdown | VsBB 
Powerup | Vsp 


Standby Current Powerdown 





* Except mode programming levels; see Figure 16. 
* * Negotiable to — 100 pA (for further information contact the factory). 
** * For the EF6801U4/EF6803U4 T; =0°C and for the EF6801U4/EF6803U4 : V suffix TL = —40°C 


PERIPHERAL PORT TIMING (Refer to Figures 1-4) | 
EF6801/03U4 
tye Typ 


Peripheral Data Setup Time teosu Nese te I 
Peripheral Data Hold Time Soe 
Delay Time, Enable Positive Transition to OS3 Negative Transition 


Delay Time, Enable Positive Transition to OS3 Positive Transition 


Port 1 
Port 2, 3, 4 


Delay Time, Enable Negative Transition to Peripheral CMOS Data Valid | tcntos 
input Strobe Pulse Width tpwIS 
Input Data Hold Time tH 





| Tye _| 

tae 

is Seer 

ee 

ae 

Delay Time, Enable Negative Transition to Peripheral Data Valid | 
| 

| = | 

ae 

ae 


Input Data Setup Time 
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FIGURE 1 — DATA SETUP AND HOLD TIMES 


(MPU READ) 
MPU Read 

E 
P10-P1?7 
P20-P24 
a, Coe ( 
Inputs* 

'PDSU 'PDH 

P30-P37 
inputs # (| Data Valid 


*Port 3 non-latched operation (Latch enable = 0) 


FIGURE 3 - PORT 3 OUTPUT STROBE TIMING 
(EF6801U4 SINGLE-CHIP MODE) 


MPU Access of Port 3* 


Address 
Bus 


($0006) 


OS3 





FIGURE 2 — DATA SETUP AND HOLD TIMES 
(MPU WRITE) 


MPU Write 





All Data 
Port Outputs 


Data Valid 


NOTES 
1. 10 k pullup resistor required for port 2 to reach O 7 Vcc 
2. Not applicable to P21 
3. Port 4 cannot be pulled above Vcc 


FIGURE 4 - PORT 3 LATCH TIMING 
(EF6801U4 SINGLE-CHIP MODE) 


Ww 


P30-P37 
Inputs 





* Access matches output strobe select (OSS =0, a read; OSS=1, a write) 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 


FIGURE 5 — CMOS LOAD 


Test Point — 
- 30 pF 


FIGURE 6 — TIMING TEST 
LOAD PORTS 1, 2, 3, AND 4 


Vcc 
RL =1.8 ka 


Test Point 1N916 


or equiv. 


1N4148 
or equiv. 


C =90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R=37 kf for P40-P47, SC1, SC2 
= 24 kQ for P10-P17, P20-P24- 
= 24 kQ for P30-P37, E 
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BUS TIMING (See Notes 1:and 2, and Figure 7) _ . 
_ EF6801U4 | EF6801U4-1] EF68A01U4 
Symbol | EF6803 U4 | EF6803U4-1| Ergga03u4 

| Max | Min_| | Min| Max |_| 










Characteristics 

















: 
: 
E 
Ww 
: 





| Max | 

| 300 | 1000 
| 4 [Clock Rise and Fall Time tte OK ss | 
| 8 |Address Hold Time ta = to | = is | 
Non-Muxed Address Valid Time to E* | tay | 200 [ — | 10 | — [115] - [ns | 
pW7 Read Data Setup time SSCS tosh OT -  O| — | 60 | — | os | 
[18 [Read Data Hod Time ——S~S~SCSSSCSCS te 1 | | 1 | - | 0 | - [rs 
[19 [Write Data Delay time ———SCS~—~SSCSSS tw mE | | | 160 | os 
[21 [Write Data Hold Time SSCS tw | | - | | - | oo] - dos | 
[22 [Muxed Adress Vaid Time toe Rise* _—————~d| tay [160 | — |] — | 100] — | rs] 
[24 | Muxed Address Valid Time to AS Fal® ——SS—id tase | © | - | | - | 0] — Irs 
[25 |Mivxed Adcress Hod Time —SSSCS~s tw] | | | 0 | Ios 
| 26 —|DelayTime, EtoAS Rise Estas | 200 | - | 170 | = [130] ~ [ins _| 
en DAR 
[28 [Belay Time, ASioERBeY _—Ss=SCSCSC~C*~‘“~*~sw wg | YOY 8] do 
[28 [Usable Access Time® (See Nowe) __————SS~S~*dt(tnc dws | | aes | — P65 — Ios 


* At specified cycle time. 





FIGURE 7 — BUS TIMING 
© 
Ae NS | 
aoe i 
10S, 
nim, adios T KXXKXXXXN tT ———s—si*YCWKX 
SS, a] 
a 


Muxed |X) L\ 
(22) 
ak |P 
“Med Wy) See Note 5 yf 
eT, 









Addr/ Data 


(9) 


Write Data Muxed 


2) 


yo 


Address | 
Strobe (AS) Th 
(27) 
(4) (25) 
(4) 
NOTES: 


1. Voltage levels shown are V; <0.5 V, V2=2.4 V, unless otherwise specified. 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 

3. Usable access time is computed by 22+ 3-— 17+4. 

4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
5. Item 26 is different from the EF6801 but it is upward compatible. 


1-72 


INTRODUCTION 


The EF6801U4 is an 8-bit monolithic microcomputer 
which can be configured to function in a wide variety of ap- 
plications. The facility which provides this extraordinary flex- 
ibility is its ability to be hardware programmed into eight dif- 
ferent operating modes. The operating mode controls the 
configuration of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or external) of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a data register 
and a write-only data direction register. The data direction 
register is used to define whether corresponding bits in the 
data register are configured as an input (clear) or output 
(set). 


The term ‘‘port’’ by itself refers to all of the hardware 
associated with the port. When the port is used as a ‘‘data 
port’ or ‘I/O port,” it is controlled by the port data direction 
register and the programmer has direct access to the port 
pins using the port data register. Port pins are labeled as Pij 
where i identifies one of four ports and j indicates the par- 
ticular bit. 


The microprocessor unit (MPU) is an enhanced EF6800 
MPU with additional capabilities and greater throughput. 
It is upward source and object code compatible with the 
EF6800 and the EF6801. The programming model is de- 
picted in Figure 8 where accumulator D is a concatenation 
of accumulators A and B. A list of new operations added 
to the EF 6800 instruction set are shown in Table 1, 


The EF6803U4 can be considered an EF6801U4 that 
operates in modes 2 and 3 only. 


FIGURE 8 — PROGRAMMING MODEL 





1 x 
5 SP 
1S PC 

7 





SP Tey i]t y [ec] 


8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 


O} index Register (xX) 


OF Stack Pointer (SP) 


Of Program Counter (PC) 


e 


0 
Condition Code Register (CCR) 





Carry/Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 


TABLE 1 — NEW INSTRUCTIONS 


| instruction {scription 


ABX 
ADDD 
ASLD or LSLD 
BHS 
BLO 
BRN 
JSR 
LDD 
LSL 


Branch never 
Additional addressing mode direct 
Loads double accumulator from memory 


(same as ASL) 
LSRD 
MUL 
PSHX 
PULX 
STD 
SUBD 
CPX 


Pushes the index register to stack 
Pulls the index register from stack 
Stores the double accumulator to memory 


Unsigned addition of accumulator B to index register 

Adds (without carry) the double accumulator to memory and leaves. the sum in the double accumulator 

Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 
Branch if higher or same, unsigned conditional branch (same as BCC) 

Branch if lower, unsigned conditional branch (same as BCS) 


1-73 


Shifts memory or accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 


Shifts the double accumulator right (towards LSB) one bit, the MSB is cleared, and the LSB is shifted into the C bit 
Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator 


Subtracts memory from the double accumulator and leaves the difference in the double accumulator 


Internal processing modified to permit its use with any conditional branch instruction 





OPERATING MODES 


The EF6801U4 provides seven different operating mo- 
des (modes 0 through 3 and 5 through 7) and the EF6803U4 
provides two operating modes (modes 2 and 3). The oper- 


ating modes are hardware selectable and determine the de- — 


vice memory map, the configuration of port 3, port 4, SC1, 
SC2, and the physical location of the interrupt vectors. 


FUNDAMENTAL MODES 

The seven operating modes (0-3, 5-7) can be grouped into 
three fundamental modes which refer to the type of bus it 
supports: single chip, expanded non-multiplexed, and. ex- 


panded multiplexed. Single chip is mode 7, expanded non- 
multiplexed is mode 5, and the remaining 5 are expanded 
multiplexed modes. Table 2 summarizes the characteristics 
of the operating modes. 


EF6801U4 SINGLE-CHIP MODE (7) -- In the single-chip 
mode, the four MCU ports are configured as parallel in- 
put/output data ports, as shown in Figure 9. The MCU func- 
tions as a monolithic microcomputer in this mode without 
external address or data buses. A maximum of 29 1/0 lines 
and two port 3 control lines are provided. Peripherals or 
another MCU can be interfaced to port 3in a loosely coupled 
dual-processor configuration, as shown in Figure 10. 


TABLE 2 — SUMMARY OF EF6801U4/EF6803U4 OPERATING MODES 


Single-Chip (Mode 7) — 


192 bytes of RAM, 4096 bytes of ROM 
Port 3 is a parallel 1/O port with two control lines 


Port 4 is a parallel I/O port 


Expanded Non-Multiplexed (Mode 5) 
192 bytes of RAM, 4096 bytes of ROM 


256 bytes of external memory space 


Port 3 is an 8-bit data bus 


Port 4 is an input port/address bus 


* 
Expanded Multiplexed (Modes 0, 1, 2, 3,6 ) 
Four memory space options (total 64K address space) 


(1) Internal RAM and ROM with partial address bus (mode 1) 

(2) Internal RAM, no ROM (made 2) 

(3) Extended addressing of internal 1/O and RAM 

(4) Internal RAM and ROM with partial address bus (mode 6) 
Port 3 is multiplexed address/data bus 
Port 4 is address bus (inputs/address in mode 6) 


Test mode (mode 0): 


May be used to test internal RAM and ROM 
May be used to test ports 3 and 4 as |/O ports by writing into mode 7 
Only modes 5, 6, and 7 can be irreversibly entered from mode 0 


Resources Common to All Modes 


Reserved register area 

Port 1 input/output operation 
Port 2 input/output operation 
Timer operation 


Serial communications interface operation 


*The EF6803U4 operates only in modes 2 and 3. 
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FIGURE 9 — SINGLE-CHIP MODE 
Vcc 







Vcc Standby -—— 


RESET 


Port 1 
8 1/0 Lines 
16-Bit Timer 


Port 4 
8 1/0 Lines 


Port 3 
8 1/0 Lines 
1S3 


083 


Port 2 
5 1/0 Lines 
Serial 1/0 
16-Bit Timer 


FIGURE 10 — SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 














Vcc Vcc 
E s. 
C_] NMI CJ NMI 
IRQ) IRQ1 
Vcc Standby Vcc Standby 
RESET RESET 
Port 1 Port 1 
81/0 Port 3, 81/0 Lines 8 1/0 
Lines Lines 
16-Bit Timer 16-Bit Timer 
ROLL? Port 4 
5 1/0 Lines 81/0 
scl Lines 
16-Bit Timer — Port 4 Port 2 a 
a 81/0 5 1/0 Lines a 
V V 
=e Lines SCl 3 
16-Bit Timer 


EF6801U4 EXPANDED NON-MULTIPLEXED MODE (5) 
— A modest amount of external memory space is provided in 
the expanded non-multiplexed mode while significant on- 
chip resources are retained. Port 3 functions as an 8-bit 
bidirectional data bus and port 4 is configured initially as an 
input data port. Any combination of the eight least signifi- 
cant address lines may be obtained by writing to the port 4 
data direction register. Stated alternatively, any combination 
of AO to A7 may be provided while retaining the remainder as 
input data lines. Internal pullup resistors pull the port 4 lines 
high until the port is configured. 


Figure 11 illustrates a typical system configuration in the 
expanded non-multiplexed mode. The MCU interfaces 
directly with EF6800 family parts and can access 256 bytes 
of external address space at $100 through $1FF. !OS provi- 
des an address decode of external memory ($100-S1FF) 
and can be used as a memory-page select or chip-select {i- 
ne. 
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EXPANDED MULTIPLEXED MODES (0, 1, 2, 3, 6) — A 
64K byte memory space is provided in the expanded 
multiplexed modes. In each of the expanded multiplexed 
modes, port 3 functions as a time multiplexed address/data 
bus with address valid on the negative edge of address 
strobe (AS) and data valid while E is high. In modes 0, 2, and 
3, port 4 provides address lines A8 to A15. In modes 1 and 6, 
however, port 4 initially is configured at reset as an input 
data port. The port 4 data direction register can then be 
changed to provide any combination of address lines A8 to 
Ald. Stated alternatively, any subset of A8 to A15 can be 
provided while retaining the remaining port 4 lines as input 
data lines. Internal pullup resistors pull the port 4 lines high 
until software configures the port. In mode 1, the internal 
pullup resistors will hold the upper address lines high pro- 
ducing a value of $FFXX for a reset vector. A simple method 
of getting the desired address lines configured as outputs is 
to have an external EPROM not fully decoded so it appears at 


two address locations (.e., $FXXX and $BXXxX). Then, 
when the reset vector appears as $FFFE, the EPROM will be 
accessed and can point to an address in the top $100 bytes of 
the internal or external ROM/EPROM that will configure port 
4 as desired. 

In mode O, the reset and interrupt vectors are located at 
SBFFO-SBFFF. In addition, the internal and external data 
buses are connected, so there must be no memory map 
overlap in order to avotd potential bus conflicts. By writing 
the PCO-PC2 bits in the port 2 data register, modes 5, 6, and 
7 can be irreversibly entered from mode 0. Mode O is used 


primarily to verify the ROM pattern and monitor the internal 
data bus with the automated test equipment. 

Only the EF6801U4 can operate in each of the expan- 
ded multiplexed modes. The EF6803U4 operates only in 
modes 2 and 3. 


Figure 12 depicts a typical configuration for the expanded 
multiplexed modes. Address strobe can be used to control a 
transparent D-type latch to capture addresses AQ-A7, as 
shown in Figure 13. This allows port 3 to function as a data 
bus when E is high. 


FIGURE 11 — EXPANDED NON-MULTIPLEXED CONFIGURATION 
Vcc 





Vcc Standby 

















RESET EF6801U4 
Port | Port 3 
a es 8 Data Lines 
-Bit Timer R/W 
Port 2 ine 
51/0 oe 
» Port 4 
Lines To 8 
Serial 1/O : icine: 
16-Bit Timer aE Address Lines 
Vss 
VCC 
- (DO-D7) 
CJ [ecis a: a en PE 
(AQ-A7) 
ic eS a ty Sees 108 
Vcc Standby Ch ears Oe ees @ R AW 
RESET a en a Se eee 2 eS E 
NMI EF6801U4 
IRQ1 
Port 1 8 8 8 
8 1/0 
16-Bit Timer 
Port 2 
51/0 
SCI 
Timer 


RAM 
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FIGURE 12 — EXPANDED MULTIPLEXED CONFIGURATION 
VCC 
XTALI 











EXTAL2 
Vcc Standby 


RESET 
EF6801U4 
EF6803U4 


Port ] Port 3 
8 1/O Lines 8 Lines 
16-Bit Timer R/Ww Multiplexed Data Address 
Port 2 AS 
6 1/0 Lines oe 
Senal 1/0 Bia. 
16-Bit Timer medicesto us 
VSs 
Vcc 
XTALI 
cy Pot3 8 8 Data Bus 





(D0-D7) 
exTAL2 [AS yr 
RESET EF6801U4 ddress Bus 
| 


(A0-A15) 


He +t : 
81/0 E 

16-Bit Timer 

Port 2 

5 1/0 ; 

SCl 

Timer 4 

VSs 


NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time 


FIGURE 13 — TYPICAL LATCH ARRANGEMENT 


GND 
AS 


Port 3 74LS373 


; Address AO-A7 
Address/ Data ei a (Typical) 





Data DO-D7 
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PROGRAMMING THE MODE 
The operating mode is determined at RESET by the levels 


asserted on P22, P21, and P20. These levels are latched into . 


PC2, PC1, and PCO of the program control register on the 
positive edge of RESET. The operating mode may be read 
from the port 2 data register, as shown below, and program- 
ming levels and timing must be met as shown in Figure 14. A 
brief outline of the operating modes is shown in Table 3. 





PORT 2 DATA REGISTER 
7 6 5 4 3 2 1 0 


Pca [ Pci [ pco | p24 | p23 [ p22 | P21 | P20] sos 


Circuitry to provide the programming levels is dependent 
primarily on the normal system usage of the three pins. If 
configured as outputs, the circuit shown in Figure 15 may be 
used; otherwise, three-state buffers can be used to provide 
isolation while programming the mode. 


MEMORY MAPS 


The EF6801U4/EF6803U4 can provide up to 64K byte 
address space depending on the operating mode. A memory 
map for each operating mode is shown in Figure 16. The first 
32 locations of each map are reserved for the internal register 
area, aS shown in Table 4, with exceptions as indicated. 


FIGURE 14 — MODE PROGRAMMING TIMING 





Mode Inputs 
(P20, P21, P22) 





MODE PROGRAMMING (Refer to Figure 14) 
Characteristic 






Mode Programming Hold Time 
RESET Rise Time=1 ys 
RESET Rise Time< 1 ys 





(P20, P21, P22) ee 
VMPH Min 
VmpL Max 


fT SS™S™S~SCSCSCSCSCSCSCSC«S rast’ —SSCSCSC~S~SCSCSCSCSY CSS ymibo | Mi | 
Mode Programming Input Voltage Low ~ VMPL | - | 


[Mode Programming input Vonage High Yr [2 
[Mode Programming Diode Diferental Wf Diodes ore Use) SSCS Pp | OH | 

RESET ow Puse Width SSCSSSSSCS*d Ws] 90] — YE Cre | 
[Mode Programming Seup TimeSys} 


See Figure 15 


for Diode Arrangement 
VMPDD 






VMPL 


ok Mode Latch 
Level 


— a ae on oe” 
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TABLE 3 — MODE SELECTION SUMMARY 





ne 


Sa Rae ae 


= 


LEGEND 
| — Internal 
E — External 


MUX — Multiplexed 
NMUX — Non-Multiplexed 


L — Logic “0” 
H — Logic ‘1" 
NOTES: 


22 | P21 | P20 Interrupt 
Mode * | PC2 | PC1 |} PCO RAM | Vectors 


P 
CAA] ved Parl Dace 
H ee ee EP a NIMUR esl | Non-Multiplexed/ Partial Decode 
a ee ee 





Bus 
Mode Operating Mode 


Single Chip 



























earn ee eee Undefinedl4) 
M 








1. Addresses associated with ports 3 and 4 are considered external in modes 0, 1, 2, and 3. 

. Addresses associated with port 3 are considered external in modes 5 and 6. 

. Port 4 default is user data input; address output is optional by writing to port 4 data direction register. 
. Mode 4 is a non-user mode and should not be used as an operating mode. 

. Mode 3 has the internal RAM and internal registers relocated at $DO00-$DOFF. 


on & Wh 


* The EF6803U4 operates only in modes 2 and 3. 
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FIGURE 15 — TYPICAL MODE PROGRAMMING CIRCUIT 
Vcc 


EF6801U4 
EF6803U4 
a Ce ae ee 
P20 Pg P20 (PCO) 
Bs ++ madi 
P22 P22 (PC2) 
NOTES: Mode 
1. Mode 7 as shown Control 
2. R2eC = Reset time constant ‘ Y y Switches 
3. R1=10 k (typical) 
4. D=1N914, 1N4001 (typical) 
5. Diode V¢ should not exceed Viyppp min. D D D 


EF6801U4 0 
P External Memory Space Mode 


oa 


External Memory Space 


S$BFFF KZA > External Interrupt Vectors!2) 


External Memory Space 


Internal ROM 


NOTES: 


1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
SOF. 

2) The interrupt vectors are at $BFFO-SBFFF. 

3) There must be no overlapping of internal and 
external memory spaces to avoid driving the 
data bus with more than one device. 
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4) This mode is the only mode which may be 
used to examine the entire ROM using an ex- 
ternal RESET vector. 

5) Modes 5-7 can be irreversibly entered from 
mode 0 by writing to the PCO-PC2 bits of the 
port 2 data register. 





FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 2 of 4) 





EF6801U4 
Mode 


Multiplexed/RAM & ROM 





Internal Registers 


External Memory Space 


Internal RAM 


External Memory Space 


Internal ROM 


External Interrupt Vectors 





NOTES: 

1) Excludes the following addresses which may 
be used externally: $05 and $07. 

2) Internal ROM addresses $FFFO to $FFFF are 
not usable. 

3) Address lines A8-A15 will not contain ad- 
dresses until the data direction register for 
port 4 has been written with ‘‘1s” in the ap- 
propriate bits. These address lines will assert 
“Is’’ until made outputs by writing the data 
direction register. 
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EF6801U4 
EF6803U4 


Internal Registers 





Multiplexed/ RAM 


External Memory Space 


Internal RAM 


External Memory Space 





NOTE: 
1) Excludes the following addresses which may 


be used externally: $04, $05, $06, $07, and 
SOF. 


FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 3 of 4) 


3 


EF6801U4 
EF6803U4 


Muiltiplexed/ RAM 


External Memory Space 


ae | External Interrupt Vectors 


SFFFF 


NOTES: 

1) Relocating the internal registers and the inter- 
nal RAM to high memory allows the pro- 
cessor to make use of direct addressing. 

2) Excludes the following addresses which may 
be used externally: $D004, $D005, $D006, 
$D007, and $DOOF. 
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EF6801U4 
Mode 


Non-Muitiplexed/ Partial Decode 


$0000!) 
ZD Internal Registers 


Wnusable 


$001F 


$0040 
Internal RAM 


External Memory Space 


Internal ROM 


Internal Interrupt Vectors 
SFFFF 


NOTES: 

1) Excludes the following addresses which may 

not be used externally: $04, $06, and SOF (no 
iOS). 
Address lines AO to A7 will not contain ad- 
dresses until the data direction register for 
port 4 has been written with ‘’1s’’ in the ap- 
propriate bits. These address lines will assert 
“1s until made outputs by writing the data 
direction register. 


2) 





FIGURE 16 — EF6801U4/EF6803U4 MEMORY MAPS (Sheet 4 of 4) 


EF6801U4 
Mode 





Multiplexed/Partial Decode 


$0000! 1) Y Yy 


WU 





Internal Registers 





External Memory Space 


$0040 
internal RAM 


SOOFF 





External Memory Space 


oe Y 


$FFFF 


Internal ROM 


internal Interrupt Vectors 


NOTES: 

1) Excludes the following addresses which may 
be used externally: $04, $06, SOF. 

2) Address lines A8-A15 will not contain ad- 
dresses until the data direction register for 
port 4 has been written with ‘‘1s’’ in the ap- 
propriate bits. These address lines will assert 
“Is until made outputs by writing the data 
direction register. 
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EF6801U4 
Mode 





Single Chip 
7OQ00 Internal Registers 
$001F 
Unusable 
$0040 
Internal RAM 
SOOFF 
Unusable 
$FOQ00 
Internal ROM 
internal Interrupt Vectors | 
SFFFF 


TABLE 4 — INTERNAL REGISTER AREA 


Register 


Other 
Modes | Mode 3 
Port 1 Data Direction Register * * * 0000 DOOO 


Port 2 Data Direction Register* * * 0001 D001 
Port 1 Data Register 0002 D002 
Port 2 Data Register 0003 D003 






























Port 3 Data Direction Register* * * 
Port 4 Data Direction Register* * * 
Port 3 Data Register 

Port 4 Data Register 






Timer Control and Status Register 
Counter (High Byte) 
Counter (Low Byte) 
Output Compare Register (High Byte) 





Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 

Input Capture Register (Low Byte) 
Port 3 Control and Status Register 









Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
Receive Data Register 
Transmit Data Register 
RAM Control Register 
Counter Alternate Address (High Byte) 
Counter Alternate Address (Low Byte) 
Timer Control Register 1 














Timer Control Register 2 
Timer Status Register 

Output Compare Register 2 (High Byte) 
Output Compare Register 2 (Low Byte) 








Output Compare Register 3 (High Byte) 
Output Compare Register 3 (Low Byte) 
Input Capture Register 2 (High Byte) 

Input Capture Register 2 (Low Byte) 


* External addresses in modes 0, 1, 2, 3, 5, and 6 cannot be 
accessed in mode 5 (no IOS). 
* * External Addresses in Modes 0, 2, and 3. 
***71=QOutput, 0O= Input 


EF6801U4/EF6803U4 INTERRUPTS 


The EF6801 Family supports two types of interrupt re- 
quests: maskable and non-maskable. A non-maskable inter- 
rupt (NMI) is always recognized and acted upon at the com- 
pletion of the current instruction. Maskable interrupts are 
controlled by the condition code register | bit and by in- 
dividual enable bits. The | bit controls all maskable inter 
rupts. Of the maskable interrupts, there are two types: IRQ1 
and IRQ2. The programmable timer and serial communica- 
tions interface use an internal (RQ2 interrupt line, as shown 
in the block diagram. External devices and |S3 use IRQ1. An 
IRQ] interrupt is serviced before IRQ2 if both are pending. 


NOTE 


After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI generated 
before this load will be remembered by the processor 
and serviced subsequent to the stack pointer load. 


All [RQ2 interrupts use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are serviced in 
a prioritized order and each is vectored to a separate loca- 
tion. All interrupt vector locations are shown in Table 5. In 
mode O, reset and interrupt vectors are defined as $BFFO- 
SBFFF. 

The interrupt flowchart is depicted in Figure 17 and is 
common to every interrupt excluding reset. During interrupt 
servicing, the program counter, index register, A ac- 
cumulator, B accumulator, and condition code register are 
pushed to the stack. The | bit is set to inhibit maskable inter- 
rupts and a vector is fetched corresponding to the current 
highest priority interrupt. The vector is transferred to the 
program counter and instruction execution is resumed. |nter- 
rupt and RESET timing are illustrated in Figures 18 and 19. 





TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS 


|Mse | .sB_| MSsB | LSB _ 


RESET 
Non-Maskable Interrupt* * 


Interrupt* * * 


Software Interrupt 

Maskable Interrupt Request 1 
Input Capture Flag* 

Output Compare Flag* 
Timer Overflow Flag* 





Serial Communications Interface * 


*{RQ2 interrupt 
**NMI must be armed (by accessng stack pointer) before an 
NMI is executed. 
**«* Mode 4 interrupt vectors are undefined. 
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FIGURE 17 — INTERRUPT FLOWCHART 
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FIGURE 18 — INTERRUPT SEQUENCE 
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Op Code Op Code 
Addr Addr 





SP(n) SP(n- 1) 





SP(n-2) SP(n-3) SP(n-4) SPi(n-5) SPi(n-6) 





SP(n-7) Vector Vector New PC 
MSB Addr LSB Addr Address 











IRQ1 
NMI or IRQ2 
—>| |<- "Pcs 

Internal 

Data Bus / 

Op Code Op Code PCO-7 PC8-15 xX0-7 xX 8-15 ACCA ACCB CCR Irrelevant Vector Vector First Inst of 
Data MSB LSB sInterrupt Routine 
Internal R/W 








FIGURE 19 -- RESET TIMING 
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FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss 


Vcc and VSs provide power to a large portion of the 
MCU. The power supply should provide +5 volts (+ 5%) to 
Vcc and VSs should be tied to ground. Total power dissipa- 
tion (including Vcc standby) will not exceed Pp milliwatts. 


Vcc STANDBY 


Vcc standby provides power to the standby portion ($40 
through $5F in all modes except mode 3 which is $D040 
through $DO5F) of the RAM and the STBY PWR and RAME 
bits of the RAM control register. Voltage requirements de- 
pend on whether the device is in a power-up or power-down 
State. In the power-up state, the power supply should pro- 
vide +5 volts (+5%) and must reach Vsp volts before 
RESET reaches 4.0 volts. During power down, Vcc standby 
must remain above Vspp (minimum) to sustain the standby 
RAM and STBY PWR bit. While in power-down operation, 
the standby current will not exceed IsgR. 

It is typical to power both Vcc and Vcc Standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to Vcc during 
power-down operation. 


XTAL1 AND EXTAL 2 


These two input pins interface either a crystal or TTL- 
compatible clock to the MCU internal clock generator. 
Divide-by-four circuitry is included which allows use of the 
inexpensive 3.58 MHz or 4.4336 MHz color burst TV crystals. 
A 20 pF capacitor should be tied from each crystal pin to 
ground to ensure reliable startup and operation. Alternative- 
ly, EXTAL2 may be driven by an external TTL-compatible 
clock at 4 fg with a duty cycle of 50% (+5%) with XTAL1 
connected ground. 

The internal oscillator is designed to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fxTAL. The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time. The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 20. 


RESET 


This input is used to reset the internal state of the device 
and provide an orderly startup procedure. During power up, 
RESET must be held below 0.8 volt : (1) at least tr after 
Vcc reaches 4.75 volts in order to provide sufficient time for 
the clock generator to stabilize, and (2) until Vcc standby 
reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during power-up operation. 


E (ENABLE) 


This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four result of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 


NMi (NON-MASKABLE INTERRUPT) 


An NMI negative edge requests an MCU interrupt se- 
quence, but the current instruction will be completed before 
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it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally, a vector is fetched from S$FFFC and 
SFFFD ($BFFC and $BFFD in mode 0), transferred to the 
program counter, and instruction execution is resumed. NMI 
typically requires a 3.3 kQ (nominal) resistor to Vcc. There is 
no internal NMI pullup resistor. NMI must be held low for at 
least one E cycle to be recognized under all conditions. 


NOTE 


After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI generated 
before this load will remain pending by the processor. 


IRO1 (MASKABLE INTERRUPT REQUEST 1) 


IRO1 is a level-sensitive input which can be used to re- 
quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 
rupt mask bit (I bit) in the condition code register is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from $FFF8 and $FFF9 ($BFF8 and $BFF9 in mode 0), trans- 
ferred to the program counter, and instruction execution is 
resumed. 

[RQ1 typically requires an external 3.3 kQ (nominal) 
resistor to Vcc for wire-OR applications. [RO7 has no inter- 
nal pullup resistor. 


SC1 AND SC2 (STROBE CONTROL 1 AND 2) 


The function of SC1 and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 


SC1 AND SC2 IN SINGLE-CHIP MODE — In single-chip 
mode, SC1 and SC2 are configured as an input and output, 
respectively, and both function as port 3 control lines. SC1 
functions as 1S3 and can be used to indicate that port 3 input 
data is ready or output data has been accepted. Three op- 
tions associated with 1S3 are controlled by the port 3 control 
and status register and are discussed in the port 3 descrip- 
tion; refer to P30-P37 (PORT 3). If unused, 1S3 can remain 
unconnected. 

SC2 is configured as OS3 and can be used to strobe out- 
put data or acknowledge input data. It is controlled by out- 
put strobe select (OSS) in the port 3 control and status 
register. The strobe is generated by a read (OSS = 0) or write 
(OSS = 1) to the port 3 data register. OS3 timing is shown in 
Figure 3. 


SC1 AND SC2 IN EXPANDED NON-MULTIPLEXED 
MODE — In the expanded non-multiplexed mode, both SC1 
and SC2 are configured as outputs. SC1 functions as in- 
put/output select (IOS) and is asserted only when $0100 
through $O1FF is sensed on the internal address bus. 

SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read ts enabled 
when read/write and E are high. 


$Ci AND SC2 IN EXPANDED MULTIPLEXED MODE — 
In the expanded multiplexed modes, both SC1 and SC2 are 
configured as outputs. SC1 functions as address strobe and 
can be used to demultiplex the eight least significant ad- 
dresses and the data bus. A latch controlled by address 
Strobe captures the lower address on the negative edge, as 
shown in Figure 13. 


FIGURE 20 — EF6801U4/EF6803U4 FAMILY OSCILLATOR CHARACTERISTICS 


(a) Nominal Recommended Crystal Parameters 


Nominal Crystal Parameters * 


P| 3.58 MH 


30-50 2 
4-6 pF 
0.01-0.02 pF 
>20 K 





*NOTE: These are representative AT-cut crystal parameters only Crystals of other 
types of cut may also be used 
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(b) Oscillator Stabilization Time (tRc) 
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SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


P10-P17 (PORT 1) 


Port 1 is a mode independent 8-bit 1/O and timer port. 
Each line can be configured as either an input or output as 


defined by the port 1 data direction register. Port 1 bits 0, 1, 


and 2 (P10, P11, and P12) can also be used to exercise one 
input edge function and two output compare functions of 
the timer. The TTL compatible three-state buffers can drive 
one Schottky TTL load and 30 pF, Darlington transistors, or 
CMOS devices using external pullup resistors. It is con- 
figured as a data input port during RESET. Unused pins can 
remain unconnected. 


P20-P24 (PORT 2) 


Port 2 is a mode-independent, 5-bit, multipurpose |!/O 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc- 
tion register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it is tied to the timer output compare 1 function and can- 
not be used to provide output from the port 2 data register 
unless Output enable 1 (OE1) is cleared in timer control 
register 1. 

Port 2 can also be used to provide an interface for the 
serial communications interface and the timer input edge 
function. These configurations are described in SERIAL 
COMMUNICATIONS INTERFACE and PROGRAMMABLE 
TIMER. 

The port 2 three-state TTL-compatible output buffers are 
capable of driving one Schottky TTL load and 30 pF, or 
CMOS devices using external pullup resistors. 





PORT 2 DATA REGISTER, 


7 6 5 4 3 2 1 0 
rca [rer | peo [ras | ms [ ram [ rx [ rm | soa 


P30-P37 (PORT 3) 

Port 3 can be configured as an I/O port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out- 
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 


PORT 3 IN SINGLE-CHIP MODE — Port 3 is an 8-bit 1/0 
port in the single-chip mode with each line configured by the 
port 3 data direction register. There are also two lines, IS3 
and OS3, which can be used to control port 3 data transfers. 

Three port 3 options are controlled by the port 3 control 
and status register and are available only in single-chip 
mode: 1) port 3 input data can be latched using |S3 as a con- 
trol signal, 2) OS3 can be generated by either an MPU read 
or write to the port 3 data register, and 3) an IRQ1 interrupt 
can be enabled by an |1S3 negative edge. Port 3 latch timing 
is shown in Figure 4. 
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PORT 3 CONTROL AND STATUS REGISTER 





Bits 0-2 Not used. 
Bit 3 


Latch Enable — This bit controls the input latch for 
port 3. If set, input data is latched by an !S3 
negative edge. The latch is transparent after a read 
of the port 3 data register. Latch enable is cleared 
during reset. 


OSS (Output Strobe Select) — This bit determines 
whether OS3 will be generated by a read or write of 
the port 3 data register. When clear, the strobe is 
generated by a read; when set, it is generated by a 
write. OSS is cleared during reset. 


Bit 4 


Bit 5 
Bit 6 


Not used. 


1IS3 1RQ1 Enable — When set, an !RQ1 interrupt 
will be enabled whenever the |S3 flag is set; when 
clear, the interrupt is inhibited. This bit is cleared 


during reset. 
Bit 7 IS3 Flag — This read-only status bit is set by an 1S3 
negative edge. It is cleared by a read of the port 3 


data register or during reset. 


PORT 3 IN EXPANDED NON-MULTIPLEXED MODE — 
Port 3 is configured as a bidirectional data bus (D7-D0O) in the 
expanded non-multiplexed mode. The direction of data 
transfers is controlled by read/write (SC2). Data is clocked 
by E (enable). 


PORT 3 IN EXPANDED MULTIPLEXED MODE — Port 3is 
configured as a time multiplexed address (A7-A0O) and data 
bus (D7-DO) in the expanded multiplexed mode where ad- 
dress strobe (AS) can be used to demultiplex the two buses. 
Port 3 is held in a high-impedance state between valid ad- 
dress and data to prevent bus conflicts. 


P40-P47 (PORT 4). 

Port 4 is configured as an 8-bit |/O port, as address out- 
puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF, and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


PORT 41N SINGLE-CHIP MODE — !n single-chip mode, 
port 4 functions as an 8-bit 1/O port with each line con- 
figured by the port 4 data direction register. Internal pullup 
resistors allow the port to directly interface with CMOS at 
5-volt levels. External pullup resistors to more than 5 volts, 
however, cannot be used. 


PORT 4 IN EXPANDED NON-MULTIPLEXED MODE — 
Port 4 is configured from reset as an 8-bit input port where 
the port 4 data direction register can be written to provide 
any or all of eight address lines AO to A7. Internal pullup 
resistors pull the lines high until the port 4 data direction 
register is configured. 


PORT 41N EXPANDED MULTIPLEXED MODE — In all ex- 
panded multiplexed modes except modes 1 and 6, port 4 
functions as half of the address bus and provides A8 to A15. 
In modes 1 and 6, the port is configured from reset as an 
8-bit parallel input port where the port 4 data direction 
register can be written to provide any or all of upper address 
lines A8 to A15. Internal pullup resistors pull the lines high 
until the port 4 data direction register is configured where bit 
O controls A8. 


RESIDENT MEMORY 


The EF6801U4 provides 4096 bytes of on-chip ROM 
and 192 bytes of on-chip RAM. 

Thirty-two bytes of the RAM are powered through the 
Vcc standby pin and are maintainable during Vcc power 
down. This standby portion of the RAM consists of 32 bytes 
located from $40 through $5F in all modes except mode 3 
which its $D040 through $DO5F. 

Power must be supplied to Vcc standby if the internal 
RAM is to be used regardless of whether standby power 
operation is anticipated. 

The RAM is controlled by the RAM control register. 


RAM CONTROL REGISTER ($14) 


The RAM control register includes two bits which can be 
used to control RAM accesses and determine the adequacy 
of the standby power source during power-down operation. 
It is intended that RAME be cleared and STBY PWR be set 
as part of a power-down procedure. 


RAM CONTROL REGISTER 





Bits 0-5 Not used. 


Bit 6 RAM Enable — This read/write bit can be used to 
remove the entire RAM from the internal memory 
map. RAME is set (enabled) during reset provided 
standby power is available on the positive edge of 
RESET. If RAME is clear, any access to a RAM aa- 
dress is external. If RAME is set, the RAM is includ- 
ed in the internal map. 

Bit 7 Standby Power — This bit is a read/write status bit 
which when cleared indicates that Vcc standby 
has decreased sufficiently below Vspp (minimum) 
to make data in the standby RAM suspect. It can 
be set only by software and is not affected during 
reset. 


PROGRAMMABLE TIMER 
The programmable timer can be used to perform 
measurements on two separate input waveforms while in- 
dependently generating three output waveforms. Pulse 
widths can vary from several microseconds to many 
seconds. A block diagram of the timer is shown in Figure 21. 


COUNTER ($09:0A), ($15, $16) 
The key timer element is a 16-bit free-running counter 
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which is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: in mode 0 a write to the 
counter ($09) will configure it to $FFF8. This feature, intend- 
ed for testing, can disturb serial operations because the 
counter provides the SCI internal bit rate clock. The TOF is 
set whenever the counter contains all ones. If ETO! is set, an 
interrupt will occur when the TOF is set. The counter may 
also be read as $15 and $16 to avoid inadvertently clearing 
the TOF. 


OUTPUT COMPARE REGISTERS 
($1C:1D) 

The three output compare registers are 16-bit read/write 
registers, each used to control an output waveform or pro- 
vide an arbitrary time-out flag. They are compared with the 
free-running counter during the negative half of each E cy- 
cle. When a match occurs, the corresponding output com- 
pare flag (OCF) is set and the corresponding output level 
(OLVL) is clocked to an output level register. If both the cor- 
responding output enable bit and data direction register bit 
are set, the value represented in the output level register will 
appear on the corresponding port pin. The appropriate OLVL 
bit can then be changed for the next compare. 

The function is inhibited for one cycle after a write to its 
high byte ($OB, $1A, or $1C) to ensure a valid compare after 
a double byte write. Writes can be made to either byte of the 
output Compare register without affecting the other byte. 
The OLVL value will be clocked out independently of 
whether the OCF had previously been cleared. The output 
compare registers are set to $FFFF during reset. 


($0B:0C), ($1A:1B), 


INPUT CAPTURE REGISTERS ($0D:0€), ($1E:1F) 


The two input capture registers are 16-bit read-only 
registers used to store the free-running counter when a 
“proper’’ input transition occurs as defined by the cor- 
responding input edge bit (IEDG1 or IEDG2). The input pin’s 
data direction register should be configured as an input, but 
the edge detect circuit always senses P10 and P20 even 
when configured as an output. The counter value will be 
latched into the input capture registers on the second 
negative edge of the E clock following the transition. 

An input capture can occur independently of ICF; the 
register always contains the most current value. Counter 
transfer is inhibited, however, between accesses of a double 
byte MPU read. The input pulse width must be at least two E 
cycles to ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS REGISTERS 


Four registers are used to provide the EF6801U4/ 
EF6803U4 with contro! and status information about the 
three output compare functions, the timer overflow func- 
tion, and the two input edge functions of the timer. They 
are: 

Timer Control and Status Register (TCSR) 
Timer Control Register 1 (TCR1) 

Timer Control Register 2 (TCR2) 

Timer Status Register (TSR) 
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TIMER CONTROL AND STATUS REGISTER (TCSR) 
($08) — The timer control and status register is an 8-bit 
register of which ail bits are readable, while only bits 0-4 can 
be written. All the bits in this register are also accessible 
through the two timer control registers and the timer status 
register. The three most significant bits provide the timer 
Status and indicate if: 


1. a proper level transition has been detected at P20, 

2. a match has occurred between the _ free-running 
counter and output compare register 1, or 

3. the free-running counter has overflowed. 


Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER 
6 5 4 3 2 


7 1 0 


Bit 0 Output Level 1 — OLVL1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit in timer con- 
trol register 1 is set. OLVL1 and output level 
register 1 are cleared during reset. Refer to TIMER 


CONTROL REGISTER 1 (TCR1) ($17). 


Input Edge 1 — IEDG1 is cleared during reset and 

controls which level transition on P20 will trigger a 

counter transfer to input capture register 1: 
lIEDG1=O0 transfer on a negative-edge 
IEDG1=1 transfer on a positive-edge 

Refer to TIMER CONTROL REGISTER 1 (TCR1) 

($17). 


Enable Timer Overflow Interrupt — When set, an 
IRQ2 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is in- 
hibited. ETOI is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Enable Output Compare Interrupt 1 — When set, 
an IRQ2 interrupt will be generated when output 
compare flag 1 is set; when clear, the interrupt is in- 
hibited. EOCI1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Enable Input Capture Interrupt 1 — When set, an 
[RQ2 interrupt will be generated when input cap- 
ture flag 1 is set; when clear, the interrupt is in- 
hibited. EICI1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Timer Overflow Flag — The TOF is set when the 
counter contains all ones ($FFFF). It is cleared by 
reading the TCSR or the TSR (with TOF set) and 
the counter high byte ($09), or during reset. Refer 
to TIMER STATUS REGISTER (TSR) ($19). 


Output Compare Flag 1 — OCF1 is set when output 
compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TCSR or 
the TSR (with OCF1 set) and then writing to output 
compare register 1 ($OB or $OC), or during reset. 
Refer to TIMER STATUS REGISTER (TSR) ($19). 


Bit 1 


Bit 2 


Bit 3 


Bit 4 


Bit 5 


Bit 6 
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Bit 7 Input Capture Flag — !ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TCSR or the TSR (with ICF1 set) and 
the input capture register 1 high byte ($OD), or dur- 
ing reset. Refer to TIMER STATUS REGISTER 


(TSR) ($19). 


TIMER CONTROL REGISTER 1 (TCR1) ($17) — Timer 
control register 1 is an 8-bit read/write register which con- 
tains the control bits for interfacing the output compare and 
input capture registers to the corresponding I/O pins. 


TIMER CONTROL REGISTER 1 


7 6 5 4 3 2 1 0 


Bit O Output Level 1 — OLVL1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit is set. OLVL1 
and output level register 1 are cleared during reset. 
Refer to TIMER CONTROL AND STATUS 


REGISTER (TCSR) ($08). 


Output Level 2 — OLVL2 is clocked to output level 
register 2 by a successful output Compare and will 
appear at P11 if bit 1 of port 1 data direction register 
is set and the OE2 control bit is set. OLVL2 and out- 
put level register 2 are cleared during reset. 


Bit 1 


Bit 2 Output Level 3 — OLVL3 is clocked to output level 
register 3 by a successful output compare and will 
appear at P12 if bit 2 of port 1 data direction register 
is set and the OE3 control bit is set. OLVL3 and out- 
put level register 3 are cleared during reset. 
Bit 3 Input Edge 1 — IEDG1 is cleared during reset and 
controls which level transition on P20 will trigger a 
counter transfer to input capture register 1. 
IEDG1=0 transfer on a negative-edge 
IEDG1= 1 transfer on a positive-edge 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 


Input Edge 2 — IEDG2 is cleared during reset and 

controls which level transition on P10 will trigger a 

counter transfer to input Capture register 2. 
lEDG2=0 transfer on a negative-edge 
IEDG2= 1 transfer on a positive-edge 


Bit 4 


Bit 5 Output Enable 1 — OE1 is set during reset and 
enables the contents of output level register 1 to be 
connected to P21 when bit 1 of port 2 data direc- 
tion register ts set. 

OE1=0 port 2 bit 1 data register output 

OE1=1 output level register 1 
Bit 6 Output Enable 2 — OE2 is cleared during reset and 
enables the contents of output level register 2 to be 
connected to P11 when bit 1 of port 1 data direc- 
tion register is set. 

OE2=0 port 1 bit 1 data register output 

OE2= 1 output level register 2 


Bit 7. Output Enable 3 — OE3 is cleared during reset and 
_ enables the contents of output level register 3 to be 
connected to P12 when bit 2 of port 1 data direc- 
tlon register is set 
OE3=0 port’l bit 2 data register output 
OE3= 1 output level register 3 - 


TIMER CONTROL REGISTER 2 (TCR2) ($18) — Timer 
control register 2 is an 8-bit read/write register (except bits 0 
and 1) which enable the interrupts associated with the free- 
running counter, the output Compare registers, and the input 
Capture registers. In test mode 0, two more bits (clock and 
test) are available for checking the timer. 


TIMER CONTROL REGISTER 2 
(Non-Test Modes) 


7 6 5 4 3 2 ] 0 


Bits 0-1 Read-Only Bits — When read, these bits return a 
value of 1. Refer to TIMER CONTROL REGISTER 2 
(Test Mode). 


Enable Timer Overflow Interrupt — When set, an 
IRQ2 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is in- 
hibited. ETO! is cleared during reset. Refer to 

_ TIMER CONTROL AND STATUS REGISTER 
(TCSR) (08). 


Enable Output Compare Interrupt 1 — When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 1 is set; when clear, the interrupt 
is inhibited. EOCI1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSR) ($08). 


Enable Output Compare Interrupt 2 — When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 2 is set; when clear, the interrupt 
is inhibited. EOCI2 is cleared during reset. 


Bit 2 


Bit 3 


Bit 4 


Enable Output Compare Interrupt 3 — When set, 
an IRQ2 interrupt will be generated. when the out- 
put compare flag 3 is set; when clear, the interrupt 
is inhibited. EOCI3 is cleared during reset. 


Bit 5 


Bit 6 Enable Input Capture Interrupt 1 — When set, an 
[RO2 interrupt will be generated when the input 
capture flag 1 is set; when clear, the interrupt is in- 
hibited. EICI1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSR) ($08). 


Enable Input Capture Interrupt 2 — When set, an 
IRQ2 interrupt will be generated when the input 
capture flag 2 is set; when clear, the interrupt is in- 
hibited. EICI2.is cleared during reset. 


Bit 7 


The timer test bits (test and clock) allow the free-running 
counter to be tested as two separate 8-bit counters to speed 
testing. 


TIMER CONTROL REGISTER 2 
(Test Mode) 


7 6 5 4 3 2 1 0 
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Bit 0 CLOCK — The CLOCK control bit selects which 
half of the 16-bit free-running counter (MSB or 
LSB) should be clocked with E. The CLOCK bit is a 
read/write bit only in mode O and is set during 
reset. 
CLOCK =0 — Only the eight most significant bits 
of the free-running counter run with TEST =0. 
CLOCK =1 — Only the eight least significant bits 
of the free-running counter run when 
TEST=0. 


TEST — the TEST control bit enables the timer test 
mode. TEST is a read/write bit in mode 0 and is set 
during reset. 

TEST =0O — Timer test mode enabled: 

a) The timer LSB latch is transparent which 
allows the LSB to be read independently 
of the MSB. 

'b) Either the MSB or the LSB of the timer is 
clocked by E, as defined by the CLOCK 
bit. 

TEST=1 — Timer test mode disabled. 
Bits 2-7 See TIMER CONTROL REGISTER 2 (Non-Test 
Modes). (These bits function the same as in the 
non-test modes.) 


TIMER STATUS REGISTER (TSR) ($19) — The timer 
status register is an 8-bit read-only register which contains 
the flags associated with the free-running counter, the out- 
put COmpare registers, and the input capture registers. 


Bit 1 


TIMER STATUS REGISTER 


7 6 5 4 3 2 1 0 


Bits 0-1 Not used. 
Bit 2 Timer Overflow Flag — The TOF is set when the 
counter contains all ones ($FFFF). It is cleared by 
reading the TSR or the TCSR (with TOF set) and 
then the counter high byte ($09), or during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 

Bit 3 Output Compare Flag 1 — OCF1 is set when output 
compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TSR or the 
TCSR (with OCF1 set) and then writing to output 
compare register 1 ($OB or $OC), or during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 


Output Compare Flag 2 — OCF2 is set when output 
compare register 2 matches the free-running 
counter. OCF2 is cleared by reading the TSR (with 
OCF2 set) and then writing to output compare 
register 2 ($1A or $1B), or during reset. 


Bit 4 


Bit 5 Output Compare Flag 3 — OCF3 is set when output 
compare register 3 matches the free-running 
counter. OCF3 is cleared by reading the TSR (with 
OCF3 set) and then writing to output compare 


register 3 ($1C or $1D), or during reset. 


Input Capture Flag 1 — ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TSR or the TCSR (with ICF1 set) and 
the input capture register 1 high byte ($OD), or dur- 
ing reset. Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08). 


Bit 6 


Bit 7 input Capture Flag 2 — ICF2 Is set to indicate that 4a 
proper level transition has occurred; it 1s cleared by 
reading the TSR (with ICF2 set) and the input cap- 
ture register 2 high byte ($1), or during reset. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous serial communications inter- 
face (SCl) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in- 
dependent but use the same data format and bit rate. Serial 
data formats include standard mark/space (NRZ) and bi- 
phase and both provide one Start bit, eight data bits, and one 
stop bit. ‘'Baud” and “‘bit rate’ are used synonymously in 
the following description. 


WAKE-UP FEATURE 


In a typical serial loop multiprocessor configuration, the 
software protocol will usually identify the addressee(s) at the 
beginning of the message. In order to permit uninterested 
MPUs to ignore the remainder of the message, wake-up 
feature is included whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line goes 
idle. An SCI receiver is re-enabled by an ‘idle string of ten 
consecutive ones or during reset. Software must provide for 


the required idle string between consecutive messages. and 
prevent it within messages. 


PROGRAMMABLE OPTIONS 
The following features of the SCI are programmable: 
@® Format: standard mark/space (NRZ) or bi-phase 
@ Clock: external or internal bit rate clock 


@ Baud: one of eight per E clock frequency or external 
clock (x 8 desired baud) 


@ Wake-Up Feature: enabled or disabled 


@ Interrupt Requests: enabled individually for transmitter 
and receiver 


@® Clock Output: internal bit rate clock enabled or disabled 
to P22 


SERIAL COMMUNICATIONS REGISTERS 


The serial communications interface includes four ad- 
dressable registers as depicted in Figure 22. It is controlled 
by the rate and mode control register and the 
transmit/receive control and status register. Data is transmit- 
ted and received utilizing a write-only transmit register and a 
read-only receive register. The shift registers are not accessi- 
ble to software. 


FIGURE 22 — SCI REGISTERS 


Bit 7 


Rate and Mode Control Register Bit 0 


Transmit/ Receive Control and Status Register 





Receive Data Register 





ee oe ee ee 


Port 2 





(Not Addressable) 


Rx 1 
Bit Receive Shift Register 
3 


Clock 10 
Bit 


Tx 








Bit Rate 


Generator 


(Not Addressable) 


Bit 


Transmit Shift Register a 
Po ss 


Transmit Data Register 


1-93 


RATE AND MODE CONTROL REGISTER (RMCR) ($10) 
— The rate and mode control register controls the SCI bit 
rate, format, clock Source, and under certain conditions, the 
configuration of P22. The register consists of five write-only 
bits which are cleared during reset. The two least significant 
bits in conjunction with bit 7 control the bit rate of the inter- 
nal clock and the remaining two bits control the format and 
clock source. 


RATE AND MODE CONTROL REGISTER 


7 6 5 4 3 2 1 0 
fee [x [x [ x [ect Peco [esr [850] s10 


Bit 1:BitO SS1:SSO Speed Select — These two bits select 
the baud when using the internal clock. Eight 
rates may be selected (in conjunction with bit 7) 
which are a function of the MCU input frequen- 
cy. Table 6 lists bit time and rates for three 
selected MCU frequencies. 


CC1:CCO Clock Control and Format Select — 
These two bits control the format and select the 
serial clock source. If CC1 is set, the DDR value 


Bit 3:Bit 2 


for P22 is forced to the complement of CCO and 
cannot be altered until CC1 is cleared. If CC1 is 
cleared after having been set, its DDR value is 
unchanged. Table 7 defines the formats, clock 
source, and use of P22. 


‘Not used. 


EBE Enhanced Baud Enable — EBE selects the 
standard EF6801 baud rates when clear and the 
additional baud rates when set (Table 6). This 
bit is cleared by reset and is a write-only control 
bit. 
EBE=0 standard EF6801 baud rates 
EBE= 1 additional baud rates 


If both CC1 and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times (8x) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% (+ 10%). If CC1:CCO= 10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 


Bits 4-6 
Bit 7 


NOTE 
The source of SCI internal bit rate clock is the timer 
free-running counter. An MPU write to the counter tn 
mode 0 can disturb serial operations. 


TABLE 6 — SCi BIT TIMES AND RATES 





* Using maximum clock rate 


ese | 4fo— |  24576MHz | 4.0MHz | 4.9152 MHz__ 
aaa ee 1.2288 MHz 
pon 36400.0 62600.0 76800.0 
o-| 4800.0 
ro = 1024 | 600.0 1200.0 | 833.3 us | 
Po [7 [1 | =a | 1600 | e6rms | 241] 4.006ms | 300.0] 333 ms | 
Pi fo [0 | 6 | 96000 
PT fo [i | +26 | 2000 [66 us | 3063 | us | 8000] 2083u5_ 
Pt [to [612 [1200.0 [633.3 ns 2400.0 
PTT i [tf 208 [300 [ams | aS 206ms | HOO] Te7ms_ 
76800.0 | 13.0 us | 125000.0 | 8.0ys | 1536000[ 654s 






















TABLE 7 — SCi FORMAT AND CLOCK SOURCE CONTROL 
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1-94 


Internal 
Internal 
Internal 
External 





Not Used 
Not Used 
Output 















Input 





TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) ($11) The transmit/receive control 
and Status register controls the transmitter, receiver, wake- 
up feature, and two individual interrupts, and monitors the 
status of senal operations. All eight bits are readable while 
bits 0 to 4 are also writable. The register is initialized to $20 
by RESET 





TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER 


7 6 5 4 3 2 1 0 


Bit O “Wake-Up” on Idle Line — When set, WU enables 
the wake-up function; it is cleared by ten con- 
secutive ones or during reset. WU will not be set if 
the line is idle. Refer to WAKE-UP FEATURE. 


Bit 1 Transmit Enable — When set, P24 DDR bit is set, 
cannot be changed, and will remain set if TE is 
subsequently cleared. When TE is changed from 
clear to set, the transmitter is connected to P24 and 
a preamble of nine consecutive ones is transmitted. 
TE is cleared during reset. 


Bit 2 Transmit Interrupt Enable — When set, an |RQ2 is 
set; when clear, the interrupt is inhibited. TE is 
cleared during reset. 


Bit 3 Receive Enable — When set, the P23 DDR bit is 
cleared, cannot be changed, and will remain clear if 
RE is subsequently cleared. While RE is set, the SC| 
receiver is enabled. RE is cleared during reset. 


Bit4 Receiver Interrupt Enable — When set, an [RO2 in- 
terrupt is enabled when RDRF and/or ORFE is set; 
when clear, the interrupt is inhibited. RIE is cleared 
during reset. 


Bit 5 Transmit Data Register Empty — TDRE is set when 
the transmit data register is transferred to the out- 
put serial shift register or during reset. It is cleared 
by reading the TRCSR (with TDRE set) and then 
writing to the transmit data register. Additional 
data will be transmitted only if TORE has been 
cleared. 


Bit 6 Overrun Framing Error — If set, ORFE indicates 
either an overrun or framing error. An overrun \s a 
new byte ready to transfer to the receiver data 
register with RDRE still set. A receiver framing error 
has occurred when the byte boundaries of the bit 
Stream are not synchronized to the bit counter. An 
overrun can be distinguished from a framing error 
by the state of RDRF: if RDRF is set, then an over- 
run has occurred, otherwise, a framing error has 
been detected. Data is not transferred to the 
receive data register in an overrun condition. Un- 
framed data causing a framing error is transferred 
to the receive data register. However, subsequent 
data transfer is blocked until the framing error flag 
is cleared. ORFE is cleared by reading the TRCSR 
(with ORFE set) then the receive data register, or 
during reset. 


Bit 7 Receive Data Register Full — RDRF is set when the 
input serial shift register is transferred to the receive 
data register, or during reset. 


SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to the 
rate and mode control register and then to the 
transmit/receive control and status register. When TE is set, 
the output of the transmit serial shift register is connected to 
P24 and serial output is initiated by transmitting a 9-bit 
preamble of ones. 

At this point, one of two situations exists: 1) if the transmit 
data register is empty (TORE=1), a continuous string of 
ones will be sent indicating an idle line; or 2) if a byte has 
been written to the transmit data register (TDRE=0), it will 
be transferred to the output Serial shift register (synchro- 
nized with the bit rate clock), TDRE will be set, and transmis- 
sion will begin. 

The start bit (0), eight data bits (beginning with bit 0), and 
a stop bit (1) will be transmitted. If TDRE is still set when the 
next byte transfer occurs, ones will be sent until more data is 
provided. In bi-phase format, the output toggles at the start 
of each bit and at half-bit time when a one is sent. Receive 


operation is controlled by RE which configures P23 as an in- 


put and enables the receiver. SCI data formats are illustrated 
in Figure 23. 


FIGURE 23 — SCI DATA FORMATS 
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INSTRUCTION SET 


The EF6801U4/EF6803U4 is directly source compati- 
ble with the EF6801 and upward source and object code 
compatible with the EF6800. Execution times of key ins- 
tructions have been reduced and several instructions have 
been added, including a hardware multiply. A list of new 
Operations added to the EF6800 instruction set is shown 
in Table 1. . 

In addition, two special opcodes, 4E and 5E, are provided 
for test purposes. These opcodes force the program counter 


to increment like a 16-bit counter causing address lines used 
in the expanded modes to increment until the device ts reset. 
These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34’ unassigned 
codes, and 2 codes reserved for test purposes. 


TABLE 8 — CPU INSTRUCTION MAP 


MNEM MODE MNEM MODE # |OP  MNEM MODE MNEM MODE MNEM MODE 


INDXD 


DES 
TXS 
PSHA 
PSHB ° 
PULX INC 
RTS TST 
ABX 
RTI 
PSHX 
MUL 
WAI 


INHER 


Nee INHER 2 


CLR 


NON NYY YH NY WWHN LH W W 
ee er ee ee ee ee ee ew ae 


TST 


JMP 


CLR 


SUBA 


ASL 
ROL 
DEC 


JMP 


NEG 


EXTNO 
IMMED 


CMPA 
SBCA 
SUBD 
ANDA 


BITA 


LDAA 


CPX 


LOS 


ROR 
ASR 


HP ekWW WW WWW WW WW WW WWW WwW Ww 
am se RB ONY HY HY KY DHY NH NH NH AK NH N/H HY /\/ NH 


INDXD 


NOTES: 
1. Addressing Modes 
INHER =Inherent 
REL =Relative 


INDXD =Indexed 
EXTND=Extended DiR==Direct 


BSR 


EORA 
ADCA 
ORAA 
ADDA 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 

LDAA 
STAA 
EORA 
ADCA 
ORAA 
ADDA 





IMMED=!Immediate 


= 


SUBB_ DIR 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 
LDAB 
STAB 
EORB 
ADCB 
ORAB 
ADDB 
LOD 
STD 
LOX 
DF STX 
EO SUBB 
€1 CMPB 
E2 SBCB 
E3 ADDD 
E4 ANDB 
E5 BITB 
E6 LDAB 
E7 STAB 
EORB 
ADCB 
ORAB 
ADDB 
LOD 
STD 
LDX 
STX 
SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 
LDAB 
STAB 
EORB 


DIR 
INDXD 


08 
0g 
DA 
DB 
DC 
0D 
DE 


a oD 
Ww 


AAOD A 
WWW WwW Ww 


MON NY FH MY OW OD ®D 
MON NY WR DY DH W WH W W 


CPX 
JSR 
LDS 
STS 
SUBB 
CMPB 
SB8CB 
AOOD 
ANDB 
BITB ADCB 
LDAB ORAB 
e ADDB 
EORB LOD 
ADCB STD 
ORAB LDX 
ADDB STX 
LOD 
: # UNDEFINED OP CODE 
LOX IMMED- 3 


WO & YO HY KH NM 
WN WAH AN A NH 


5 
5 
4 
4 
4 
4 
4 
6 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
5 
5 
4 
4 
4 
6 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
5 
5 
2 
2 
2 
4 
2 
2 
2 


NNN WNNYN WWW WWW WWW WWW WWW WY YY DY YH HY DY KH | HH NH AY NH NMA ND A 
anank fF fF Sk KSSH He SFO UAT TA HHA HA ARAAAMAHA RHA RAW WWWWWWW OW WwW Ww 
WBWWW WW WWW WWWWWWWNKHNNNYNNYNYNNY NNN NYY NYY NY NYY NYY HHH YH YAY LHD 


EXTND 


WN MR NY NH 
WH NM A PY 


OW W WWW WwW OW WO Ww 
Ww 


NNMONNYNYNDYNYNDYNN 


2. Unassigned opcodes are indicated by ‘’®’’ and should not be executed. 
3. Codes marked by ‘‘T”’ force the PC to function as a 16-bit counter. 
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PROGRAMMING MODEL 


A programming model for the EF6801U4/EF6803U4 is 
shown in Figure 8. Accumulator A can be concatenated with 
accumulator B and jointly referred to as accumulator D 
where A is the most significant byte. Any operation which 
modifies the double accumulator will also modify ac- 
cumulators A and/or B. Other registers are defined as 
follows: 


PROGRAM COUNTER — The program counter is a 16-bit 
register which always points to the next instruction. 


STACK POINTER — The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup (LIFO) queue. The stack resides in 
random-access memory at a location defined by the pro- 
grammer. 


INDEX REGISTER — The index register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


ACCUMULATORS — The MPU contains two 8-bit ac- 
cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit (ALU). They can also be 
concatenated and referred to as the D (double) accumulator. 


CONDITION CODE REGISTER — The condition code 
register indicates the results of an instruction and includes 
the following five condition bits: negative (N), zero (Z), 
overflow (V), carry/borrow from MSB (C), and half carry 
from bit 3 (H). These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask (| bit) and in- 
hibits all maskable interrupts when set. The two unused bits, 
B6 and B7, are read as ones. 


ADDRESSING MODES 


Six addressing modes can be used to reference memory. 
A summary of addressing modes for all instructions is 
presented in Tables 9, 10, 11, and 12 where execution times 
are provided in E cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 MHz, 
one E cycle is equivalent to one microsecond. A cycle-by- 
cycle description of bus activity for each instruction is pro- 
vided in Table 14 and descriptions of selected instructions 
are shown in Figure 24. 


IMMEDIATE ADDRESSING — The operand or ‘‘im- 
mediate byte(s)"’ is contained in the following byte(s) of the 
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instruction where the number of bytes matches the size of 
the register. These are two or three byte instructions. 


DIRECT ADDRESSING — The least significant byte of the 
operand address is contained in the second byte of the in- 
struction and the most significant byte is assumed to be $00. 
Direct addressing allows the user to access $00 through $FF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica- 
tions, the 256-byte area is reserved for frequently referenced 
data. 


EXTENDED ADDRESSING — The second and third bytes 
of the instruction contain the absolute address of the 
operand. These are three byte instructions. 


INDEXED ADDRESSING — The unsigned offset con- 
tained in the second byte of the instruction is added with 
Carry to the index register and is used to reference memory 
without changing the index register. These are two byte in- 
structions. 


INHERENT ADDRESSING — The operand(s) is a register 
and no memory reference is required. These are single byte 
instructions. 


RELATIVE ADDRESSING — Relative addressing is used 
only for branch instructions. If the branch condition is true, 
the program counter is overwritten with the sum of a signed 
single byte displacement in the second byte of the instruc- 
tion and the current program counter. This provides a 
branch range of — 126 to + 129 bytes from the first byte of 
the instruction. These are two byte instructions. 


SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the information 
present on the address bus, data bus, and the read/write 
(R/W) line during each cycle of each instruction. 

The information is useful in comparing actual with ex- 
pected results during debug of both software and hardware 
as the program is executed. The information is categorized i:, 
groups according to addressing mode and number of cycles 
per instruction. In general, instructions with the same ad- 
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external data bus ex- 
cept in mode 0. ‘‘High order” byte refers to the most signifi- 
cant byte of a 16-bit value. 


TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2) 


Pointer Operations 


Compare Index Register 
Memory Operations 


dd 
Accumulator and 
Add Accumulators 
Add B to X 


Decrement Index Register 
Decrement Stack Pointer 
Increment Index Register 
Increment Stack Pointer 
Load Index Register 

Load Stack Pointer 

Store Index Register 

Store Stack Pointer 

Index Reg ~* Stack Pointer 
Stack Pntr —* Index Register 
Add with Carry 

Add Double 

Shift Left, Arithmetic 

Shift Left Double 

Shift Right, Arithmetic 
Compare Accumulators 

1's Compiement 


A 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2) 
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Accumulator and 
Memory Operations 


Decimal Adjust, A 


























2's Complement (Negate) 


Decrement 
Exclusive OR 
Increment 

Load Accumulators 
Load Double 
Logical Shift, Left 
Shift Right, Logical 
No Operation 
inclusive OR 

Push Data 

Pull Data 

Rotate Left 

Rotate Right 


Multiply 
Transfer Accumulator 


Subtract Accumulator 
Subtract with Carry 
Store Accumulators 
Subtract Double 

Test, Zero or Minus 






Subtract 





The condition code register notes are after Table 12. 
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS 
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Operations 
Clear Carry a | 
Clear Interrupt Mask 
Set Carry jaa 
Set Interrupt Mask ) 


| set_| oF | 
Set Overflow 
Accumulator A-* CCR 


CCR—* Accumulator A 


LEGEND CONDITION CODE SYMBOLS 


| sec _| 00 | 2 
SE 





Op Operation Code (Hexadecimal) H. Half-carry from bit 3 
~ Number of MPU Cycles : | Interrupt mask 
Msp. Contents of memory jiocation pointed to by Stack Pointer N : Negative (sign bit) 
# Number of Program Bytes Z Zero (byte) — 
+ Arithmetic Plus V Overflow, 2’s complement 
-— Arithmetic Minus C Carry/Borrow from MSB 
© Boolean AND R Reset Always 
X Arithmetic Multiply S Set Always 
+ Boolean Inclusive OR t Affected 
@® Boolean Exclusive OR ¢ Not Affected 
M Complement of M 
— Transfer Into 
0 Bit=Zero 
00 Byte= Zero 
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E-CYCLES 
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IMMEDIATE 





DIRECT 


fs 


1 
2 
3 
1 
2 
3 
1. 
2 
3 
4 
1 
2 
3 
4 
1] 
2 
3 
4 
5 
1 
2 
3 
4 
5 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 


Address Mode and Cycle R/W 
Instructions _ Cycles} # Address Bus Line 


Opcode Address 
Opcode Address + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address of Operand 


Opcode Address 
Opcode Address + 1 
Destination Address 
Opcode Address 
Opcode Address + 1 
Address of Operand 
Operand Address + 1 
Opcode Address 
Opcode Address + 1 
Address of Operand 
Address of Operand + 1 
Opcode Address 
Opcode Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 


Opcode Address 


‘Opcode Address + 1 


Subroutine Address 
Stack Pointer 
Stack Pointer —1 
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Opcode 
Operand Data 


Opcode 


Data Bus 





Operand Data (High Order Byte) 
Operand Data (Low Order Byte) . 


Upcode 


Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 
Address of Operand 
Operand Data 


Opcode 
Destination Address 
Data from Accumulator 


Opcode 
Address of Operand 





Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 
Address of Operand 


Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Opcode 
Address of Operand 


Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 
Irrelevant Data 


First Subroutine Opcode 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 





TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5) 


R/W 
Address Bus | Line Data Bus 


Opcode Address Opcode 

Opcode Address + 1 Jump Address (High Order Byte) 
Opcode Address + 2 Jump Address (Low Order Byte) 
Opcode Address Opcode 

Opcode Address + 1 Address of Operand 

Opcode: Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data 





Address Mode and Cycle 
Instructions Cycles} # 


EXTENDED 









BWNM —} wHN — 


Opcode Address | Opcode 

Opcode Address + 1 Destination Address (High Order Byte) 
Opcode Address + 2 Destination Address (Low Order Byte) 
Operand Destination Address Data from Accumulator 

Opcode Address Opcode 

Opcode Address + 1 Address of Operand (High Order Byte) 
Opcode Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data (High Order Byte) 
Address of Operand + 1 Operand Data (Low Order Byte) 
Opcode Address Opcode 

Opcode Address + 1 Address of Operand (High Order Byte) 
Opcode Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data (High Order Byte) 
Address of Operand + 1 Operand Data (Low Order Byte) 
Opcode Address Opcode 

Opcode Address + 1 Address of Operand (High Order Byte) 
Opcode Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Current Operand Data 

Address Bus FFFF Low Byte of Restart Vector 

Address of Operand New Operand Data 


Opcode Address Opcode 

Opcode Address + 1 Operand Address (High Order Byte) 
Opcode Address + 2 Operand Address (Low Order Byte) 
Operand Address Operand Data (High Order Byte) 
Operand Address + 1 Operand Data (Low Order Byte) 
Address Bus FFFF Low Byte of Restart Vector 


Opcode Address Opcode 

Opcode Address + | Address of Subroutine (High Order Byte) 
Opcode Address + 2 Address of Subroutine (Low Order Byte) 
Subroutine Starting Address Opcode of Next Instruction 

Stack Pointer Return Address (Low Order Byte) 

Stack Pointer — 1 Return Address (High Order Byte) 





] 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 


*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus = SFFFF. 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5) 


Address Mode and Cycle R/W |. 
Instructions Cycles} # Address Bus Line Data Bus . 


INDEXED | 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Index Register Plus Offset 


Opcode 
Offset 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector 
New Operand Data 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Pius Offset + 1 


Opcode Address 

‘Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 
Address Bus FFFF 

index Register Plus Offset 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
index Register + Offset 
Index Register + Offset + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Index Register + Offset 
Stack Pointer 

Stack Pointer — 1 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 


OnNhWH AIDA ARWNH -1M OA WH = 





* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus 


INHERENT 






Opcode Address 
Opcode Address + 1 


Opcode 
Opcode of Next Instruction 











Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 

Previous Stack Pointer Contents 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 


Opcode Address 
Opcode Address + 4 
Stack Pointer 
Stack Pointer — 1 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer+2 


Opcode 
Irrelevant Data 
Low Byte of Restart Vector 


Opcode 









Irrelevant Data 
Low Byte of Restart Vector 







ASLD 
LSRD 


DES 
INS 




















Opcode 
Opcode of Next Instruction 
Irrelevant Data 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 
Opcode of Next Instruction 
Accumulator Data 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 
Opcode . 

Opcode of Next Instruction 
Irrelevant Data 

Operand Data from Stack 


Opcode 
Irrelevant Data 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 


Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register (High Order Byte) 
Index Register (Low Order Byte) 


Ee 7 










INX 
DEX 













PSHA 
PSHB 


ps 












TSX 










TXS 


Ez 


pew a 


















PULA 
PULB 














PSHX 


po 













PULX 


| 















RTS Opcode Address Opcode 
Opcode Address + 4 Irrelevant Data 
Stack Pointer irrelevant Data 
Stack Pointer + 1 Address of Next Instruction (High Order Byte) 
Stack Pointer+ 2 Address of Next Instruction (Low Order Byte) 
WAI Opcode Address Opcode 


Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 


Opcode Address + 1 
Stack Pointer 
Stack Pointer—1 
Stack Pointer — 2 
Stack Pointer—3 
Stack Pointer—4 
Stack Pointer—5 
Stack Pointer —6 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 


Cycle . R/W] 
Cycles; # Address Bus Line Data Bus 


Opcode Address _ 
| Opcode Address + 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer + 2 
Stack Pointer+3 
Stack Pointer +4 
Stack Pointer+5 
Stack Pointer+6 
Stack Pointer +7. 


Opcode Address 
Opcode Address + 1 

Stack Pointer 

Stack Pointer-1 | 

Stack Pointer —2 

Stack Pointer-—3 

Stack Pointer —4 

Stack Pointer-5 

| Stack Pointer -6 

Stack Pointer —7 

Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 




























Address Mode and 
Instructions 


INHERENT | 

















Opcode 
Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Opcode 
Irrelevant Data - 

Irrelevant Data 

Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack (High Order Byte) 

Index Register from Stack (Low Order Byte) 

Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 


Opcode. 
Irrelevant Data . . 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 
Contents of Accumulator A 

‘ Contents of Accumulator B 

Contents of Condition Code Register 
Irrelevant Data 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 










SOP MWYMDAG AWN =| HODVNAMGAWH — 



























SMP ONOOTAWH — 









RELATIVE 
| Opcode Address . Opcode 
Opcode Address + 1 Branch Offset 
Address Buss FFFF Low Byte of Restart Vector 


| Opcode Address | Opcode 

Opcode Address + 1 Branch Offset 
Address Bus FFFF Low Byte of Restart Vector 
Subroutine Starting Address Opcode of Next Instruction 
Stack Pointer Return Address (Low Order Byte) 
Stack Pointer~ 1 Return Address (High Order Byte) 
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ZOL-t 


JSR, Jump to Subroutine 


Main Program 


$9D=JSR 


K = Direct Address 


PC 










Direct 
RT™N 


Main Program 


SAD=JSR 
K = Offset 


Main Program 











INDXD 
RTN 












EXTND 


RTN 


BSR, Branch To Subroutine 
Main Program 


$8D = BSR 
+K= Offset 







PC 


RTN 





RTS, Return trom Subroutine Subroutine 
PC $39= RTS 


Legend: 





> 
> 


—» SP-2 
SP-1 
SP 


SP 

> sP-2 
SP-1 

SP 
2P 

SP 

SP +4 

=P SP 


FIGURE 24 — SPECIAL OPERATIONS 


Stack 


RTNH 
RIN: 


Stack 


RTNY 
RTNi 


Stack 


RTNw. 
RTN, 


RTN = Address of next instruction in Main Program to be executed upon return from subroutine 


RTN} = Most significant byte of Return Address 
RTN, = Least significant byte of Return Address 
— = Stack Pointer After Execution 

K = 8-bit Unsigned Value 


SW1, Software Interrupt 


PC 
RTN 
WAI, Wait for Interrupt 
; PC 
RTN 


RTi, Return from Interrupt 


PC 


JMP, Jump 


INDXD 


X+K 





Main Program 


Cc 


Main Program 


[| S3E=WAI =WAI 


Interrupt Program 


| S3B=ATI =RTI 


> 
Main Program 
S6E = JMP 
K = Offset 
° Extended 


Next Instruction 


SP 


SP-7 
SP-6 
SP-5 
SP-4 
SP-3 
SP-2 
SP-1 

SP 















Stack 
Condition Code 
Acmitr B 


Stack 


ey 
Main Program 


Next Instruction 


















PHYSICAL DIMENSIONS 


CB-182 


(1). Nominal dimension 
(2) True geometrical position 





40 pins P SUFFIX 


PLASTIC PACKAGE 
v 
F-119 CB-182 
SITELESC poe 





CB-521 





PLCC 44 


We: 


17,65 


44 pins: 


—— 
MO-047-AC CB-521 
JEDEC SITELESC 
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ORDERING INFORMATION 


The information required when ordering acustom MCU 
is listed below. The ROM program may be transmitted to 
THOMSON SEMICONDUCTEURS on EPROM(s) or an 
EFDOS/MDOS* disk file. 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact your local THOMSON SEMICONDUC- 
TEURS representative or distributor. 


EPROMs 


Two ET2716 or one ET2732 type EPROMs, program- 
med with the customer program (positive logic sense for 
address and data), may be submitted for pattern generation. 
The EPROM must be clearly marked to indicate which 
EPROM corresponds to which address space. The recom- 
mended marking procedure is illustrated below : 


XXX XXX 


XXX = Customer |D 


After the EPROM(s) are marked, they should be placed in 
conductive IC carriers and securely packed. Do not use 
styrofoam. 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are fil- 
ed for contractual purposes and are not returned. A com- 
puter listing of the ROM code will be generated and returned 
along with a listing verification form. The listing should be 
thoroughly checked and the verification form completed 
signed, and returned to THOMSON SEMICONDUC- 
TEURS. The signed verification form constitutes the 


contractual agreement for creation of the customer mask. 
If desired, THOMSON SEMICONDUCTEURS will pro- 
gram on blank EPROM from the data file used to create 
the custom mask and aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will be 
sent for program verification. These units will have been 
made using the custom mask but are for the purpose of 
ROM verification only. For expediency they are usually un- 
marked, packaged in ceramic, and tested only at room 
temperature and 5 volts. These RVUs are included in the 
mask charge and are not production parts. The RVUs are 
thus not guaranteed by THOMSON SEMICONDUC- 
TEURS. Quality Assurance, and should be discarded 
after verification is completed. 


FLEXIBLE DISKS 


The disk media submitted must be single-sided, EF DOS/ 
MDOS* compatible floppies. 

The customer must write the binary file name and compa- 
ny name on the disk with a felt-tip-pen. The minimum 
EFDOS/MDOS* system files, as well as the absolute 
binary object file (Filename .LO type of file) from the 
6801 cross assembler, must be on the disk. An object file 
made from a memory dump using the ROLLOUT com- 
mand is also acceptable. Consider submitting a source 
listing as well as the following files : filename .LX (DEVI- 
CE/E XORciser loadable format) and filename SA (ASCII 
Source Code). These files will of course be kept confiden- 
tral and are used 1) to speed up the process in-house if any 
problems arise, and 2) to speed up the user-to-factory 
interface if the user finds any software errors and needs 
assistance quickly from THOMSON SEMICONDUC 
TEURS factory representatives. 

EFDOS is THOMSON SEMICONDUCTEURS’ Disk 
Operating System available on development systems 
such as DEVICE... 

MDOS* is MOTOROLA’'s Disk Operating System available 
on development systems such as EXORciser,... 


*Requires prior factory approval. 


Whenever ordering a custom MCU is required, please contact your local THOMSON SEMICONDUCTEURS representa- 
tive or THOMSON SEMICONDUCTEURS distributor and/or complete and send the attached ‘MCU customer ordering 
sheet’’ to your local THOMSON SEMICONDUCTEURS representative. 


ORDERING INFORMATION 


EF6801U4 PV 
Device | | ae Screening level 
Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and screening 


level. Other possibilities on request. 


PACKAGE 
DEVICE 


EF6801/03 U4 (1.0 MHz) 


EF6801/03 U4-1 (1.25 MHz) 


EF68A01/03 U4 (1.5 MHz) —_— 


Examples : EF6801P, EF6801FN, EF6801PV 


OPER. TEMP 


SCREENING LEVEL 


| PACKAGE 
pe fy te fe fen |e |v | m [sa] o | ce | Be | 





Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp. : L*: 0°C to + 70°C, V: — 40°C to +85°C, M: —55°C to +125°C, *: may be omitted. 
Screening level: Std: (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 


E XORciser is a registered trade mark of MOTOROLA Inc. 
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THOMSON 


COMPONENTS 


EF6809 


8-BIT MICROPROCESSOR UNIT (MPU) 


a — A ee 


MOSTEK 


The EF6809 is a revolutionary high-performance 8-bit microprocessor 
which Supports modern programming techniques such as position indepen: 
dence, reentrancy, and modular programming. 

This third-generation addition to the 6800 Family has major architectural 
Improvements which include additional registers, instructions, and addressing 
modes. 

The basic instructions of any computer are greatly enhanced by the 
presence of powerful addressing modes. The EF6809 has the most complete 
Set of addressing modes available on any 8-bit microprocessor today. 

The EF6809 has hardware and software features which make it an ideal 
processor for higher level language execution or standard controller applica- 
tions. 


EF6800 COMPATIBLE 
@® Hardware — Interfaces with All 6800 Peripherals 
@ Software — Upward Source Code Compatible Instruction Set and 
Addressing Modes 


ARCHITECTURAL FEATURES 
@ Two 16-Bit index Registers 
@® Two 16-Bit Indexable Stack Pointers 
@ Two 8-Bit Accumulators can be Concatenated to Form One 
16-Bit Accumulator 
@ Direct Page Register Allows Direct Addressing Throughout Memory 


HARDWARE FEATURES 

@® On-Chip Oscillator (Crystal Frequency = 4 x E) 

@ DMA/BREO Allows DMA Operation on Memory Refresh 

@ Fast Interrupt Request Input Stacks Only Condition Code Register 
and Program Counter 

@ MRDY Input Extends Data Access Times for Use with Slow 
Memory 

@ Interrupt Acknowledge Output Allows Vectoring by Devices 





@ Sync Acknowledge Output Allows for Synchronization to External 
Event 

@ Single Bus-Cycle RESET 

@® Single 5-Volt Supply Operation 

@ NMI Inhibited After RESET Until After First Load of Stack Pointer 

@ Early Address Valid Allows Use with Slower Memories 

@ Early Write Data for Dynamic Memories 


SOFTWARE FEATURES 

® _ Addressing Modes 
6800 Upward Compatible Addressing Modes 
Direct Addressing Anywhere in Memory Map 
Long Relative Branches 
Program Counter Relative 
True Indirect Addressing 
Expanded Indexed Addressing: 

Q-, 5-, 8-, or 16-Bit Constant Offsets 

8- or 16-Bit Accumulator Offsets 

Auto Increment/Decrement by 1 or 2 
Improved Stack Manipulation 
1464 Instructions with Unique Addressing Modes 
8 x 8 Unsigned Multiply 
16-Bit Arithmetic 
Transfer/Exchange All Registers 
Push/Pull Any Registers or Any Set of Registers 
Load Effective Address 
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HMOS 


(HIGH DENSITY N-CHANNEL, SILICON-GATE) 


8-BIT 
MICROPROCESSING 





P SUFFIX 
PLASTIC PACKAGE 


1 ALSO AVAILABLE 
J SUFFIX C SUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 


FN SUFFIX E SUFFIX 
PLCC 44 - LCCC 44 


Hi-Rel versions available - See chapter 9 





PIN ASSIGNMENT 





_ [Operating Temperature Range 








“MAXIMUM RATINGS _ 
a nr 


<i 











This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it 1s ad- 
vised: that normal precautions. be taken to 












Input Voltage 


. ~ } 



















EF6809, EF68A09, EF68B09 | : 0 to +70 avoid application of any voltage higher than 

EF6809, EF68A09, EF68BO09 : V suffix a a ~4010 +85 | maximum rated voltages to this high im- 

EF 6809, EF68A09 : M suffix. on ~55 to #125 | . ~ pedance circuit. Reliability of operation is 

= ae - enhanced if unused inputs are tiled to an ap- 

Storage Temperature pange Segre propriate logic voltage levels (e.g., either 
THERMAL CHARACTERISTICS WSs or VCC). 


Symbol 


Thermal Resistance 
°C/W 
ve 
100 


Ceramic 
POWER CONSIDERATIONS. 







Cerdip 
Plastic 
PLCC 


The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=Tat (Ppedja) (1) 
Where: 
Ta=Ambient Temperature, °C 
bjA= Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD=PINT + PPORT 
PINT=Icc x Vcc, Watts — Chip Internal Power 
PpORT =Port Power Dissipation, Watts ~ User Determined 


for most applications PPORT<PINT and can be neglected. PpPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PpORT is neglected) is: . 3 
Pp =K+(Tj+ 273°C) _ (2) 


Solving equations 1 and 2 for K gives: 
K =Ppe(Ta + 273°C) + Bj AePp2 (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known TA. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 
value of TA. 


ELECTRICAL CHARACTERISTICS 
(Vec=5.0 V +5%, Vgs=0, TA=T, to TH unless otherwise noted) 


Input Low Voltage 


Input Leakage Current 
(Vin =0 to 5.25 V, Vcc = max) 


de Output High Voltage 
(Load = — 205 nA, Voc = min) DO-D7 
(Load = ~ 145 wA, VCC = min) A0-A15, R/W, Q, E 
(Load = ~ 100 pA, VCC = min) BA, BS 
dc Output Low Voltage 

(i aie 


Internal Power Dissipation (Measured at Ta =0°C in Steady State Operation) PINT ae ae ee a ee 


Capacitance * 
(Vin =0, Ta = 28°C, f= 1.0 MHz! D0-D7, RESET 
Logic Inputs, EXTAL, XTAL 


A0-A15, B/W, BA, BS epee ed 


Frequency of Operation EF6809 0.4 
(Crystal or External Input) EF68A09 IXTAL 7 Ee: am 
EF68B09 
Hi-Z (Off State) Input Current D0-D7 ep = #8 fa 
(Vin =04 to 24V, Voc = max! A0-A15, R/W a 100 


t 
Capacitances are periodically tested rather than 100% tested. 
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FIGURE 1 — BUS TIMING 
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R W. Address 


—KAKAKAAKAZ KV 
BA, BS KXX OOOL_| BX WA 


Read Data ‘ ‘ MPU Read Data [aaa 


Write Data 










BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 


el 


| Max | 


Pulse Width, E Low 5000 | 280 { 5000 | 210 
Pulse Width, E High 





Symbol 








S 
W 
oO 


vVIiow 
=|s 
m |m 
ee 












————————— 


Processor Control Setup Time (MRDY, Interrupts, DMA; BREQ, 





aol 
QO 
oe 


HALT, RESET) (Figures 6, 8, 9, 10, 12, and 13) 


Pe cas Crystal Oscillator Start Time (Figures 6 and 7) tRC 
ts Processor Control Rise and Fall Time (Figures 6 and 8) ‘PCr, (PCT 


"Address and data hold times are periodically tested rather than 100% tested 


4 Clock Rise and Fall Time tr, tf | — | 2 f - | 2 | - | 20 | ns | 
fs) Pulse Width, Q High PWQH | 430 
P6_| Pulse width, 0 tow 
| 9 | Address Hold Time” (See Note 4) TAH p20 f= | 20 | 20 f= ons | 
| 10_| BA, BS, B/W, and Address Valid Tme toQ Rise | twa | 80 | = | 2 fT ~ | 8 | - T as | 
[7 Tread oo Seuptine SS SS* tose | OT | OP | Ol [oe 
| F8 [Read bata How Time” PO PO OT 
[20] data Delay Teme from SSSSSCSCSC~*dC tO | = | OY = [OY [ 
[21 | wnte bataHo time’ | | 
Usable Access Time (See Note 3) | tacc | 695 | — | 440 | 
eles 
fe 100) 
een 





5 
5 
5 


NOTES: 

1 Voltage levels shown are Vi <0.4 V, Viy72=2.4 V, unless otherwise specified. 
. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
. Usable access time is computed by: 1-4-7 max + 10-17. 
. Hold time ( @ ) for BA and BS 1s not specified. 
. Maximum tcyc during MRDY or DMA/BREO iS 16 ps. 
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FIGURE 2 — EF6809 EXPANDED BLOCK DIAGRAM 


~x< < ” 
| 


(2) 
(o) 


ALU 


e Internal Three-State Control 


FIGURE 3 — BUS TIMING TEST LOAD 





1N4148 
or Equiv. 
Test Point 


1N916 
or Equiv. 


C = 30 pF for BA, BS 
130 pF for DO-D7, E, O 
90 pF for A0-A15, R/W 


R = 11.7 kQ for DO-D7 us 
16.5 kQ for AO-A15, E, Q, R/W 
24 kQ for BA, BS 
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nan 
[ LS 
a 


+ — Vcc 
<<. VSs 


Instruction 


Register 








RESET 
NMI 
Interrupt FIRQ 
Control TRQ 
DMA/BREQ 
R/W 
Bus HALT 
Control BA 
BS 
XTAL 
| EXTAL 
Timing 
MRDY 
E 
Q 


PROGRAMMING MODEL 


As shown in Figure 4, the EF6809 adds three registers to 
the set available in the EF6800. The added registers include 
a direct page register, the user stack pointer, and a second 
index register. 


ACCUMULATORS (A, B, D) 


The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
register, and is formed with the A register as the most signifi- 
cant byte. 


DIRECT PAGE REGISTER (DP) 


The direct page register of the EF6809 serves to enhan- 
ce the direct addressing mode. The content of this register 
appears at the higher address outputs (A8-A15) during di- 
rect addressing instruction execution. This allows the di- 
rect mode to be used at any place in memory, under pro- 
gram control. To ensure 6800 compatiblity, all bits of 
this register are cleared during processor reset. 


FIGURE 4 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 


X — Index Register 


Y - Index Register 


U — User Stack Pointer 


S — Hardware Stack Pointer 





INDEX REGISTERS (X, Y) 


The index registers are used in indexed mode of address 
ing. The 16-bit address in this register takes part in’ the 
calculation of effective addresses. This address may be used 
to point to data directly or may be modified by an optional 
constant or register offset. During some indexed modes, the 
contents of the index register are incremented or decrement 
ed to point to the next item of tabular type data All four 
pointer registers (X, Y, U, S) may be used as index registers. 


STACK POINTER (U,S) 


The hardware stack pointer (S) ts used automatically by 
the processor during subroutine calls and interrupts The 
stack pointers of the EF6809 point to the top of the stack, in 
contrast to the EF6800 stack pomnter, which pointed to the 
next free location on the stack. The user stack pointer (U) 1s 
controlled exclusively by the programmer. This allows 
arguments to be passed to and from subroutines with ease 
Both stack pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push 
and Pull instructions. This allows the EF 6809 to be used eff 
ciently aS a Stack processor, greatly enhancing its ability to 
support higher level languages and modular programming, 


PROGRAM COUNTER 

The program counter is used by the processor to point to 
the address of the next instruction to be executed by the pro: 
cessor. Relative addressing 1s provided aliowing the program 
counter to be used like an index register in some Situations 


CONDITION CODE REGISTER 


The condition code register defines the state of the pro 
cessor at any given time. See Figure 5. 
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Pointer Registers 


Accumuld tors 


Direct Page Register 


CC 


Condition Code Register 


FIGURE 5 CONDITION CODE REGISTER FORMAT 


Carry 
Overflow 
Zeto 
Negative 
IRQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 





CONDITION CODE REGISTER 
DESCRIPTION 
BIT 0 (C) 

Bit Ous the carry flag, and is usually the Carry from: the 
binary ALU Cos also used to represent a ‘borrow’ from 
subtract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU 


BIT 1 (V) 

Bit 115 the overflow flag, and ts set to a one by an opera 
tion which causes a signed two's Complement arithine ue 
overflow, This overflow is detected in an operation in which 
the carry from the MSB in the ALU does not match the carry 
from the MSB 1. 


BIT 2 (2) 
Bit 245 the zero flag, and 1s set to a one if the result of the 
previous Operation was identically 26ro 


BIT 3 (N) 


Bit 31S the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 


negative two’s-complement result will leave N set to a one. 


BIT 4 (I) 


Bit 4 1s the IRO mask bit. The processor will not recognize 
interrupts from the IRQ line if this bit is set to a one. NMI, 
FIRQ, IRO, RESET, and SWI all set | to a one. SWI2 and 
SWI3 do not affect |. 





BIT 5 (H) 


Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit ts used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of 
this flag is undefined tn all subtract-like instructions. 


BIT 6 (F) 


Bit 6 is the FIRQ mask bit. The processor will not 
recognize interrupts from the FIRO line if this bit is a one. 
NMI, FIRO, SWI, and RESET all set F to a one. IRO, SWI2, 
and SWI3 do not affect F. 








BIT 7 (E) 


Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, 
as opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the condition code register represents past action. 


PIN DESCRIPTIONS 


POWER (Vss, Vcc) 


Two pins are used to supply power to the part: Vss is 
ground or 0 voits, while Vcc is +5.0 V +5%. 


ADDRESS BUS (A0-A15) 

Sixteen pins are used to output address information from 
the MPU onto the address bus. When the processor does 
not require the bus for a data transfer, it will output address 
FFFF16, R/W = 1, and BS = 0; thisis a “dummy access” or 
VMA cycle. Addresses are valid on the rising edge of Q. All 
address bus drivers are made high impedance when output 
bus available (BA) is high. Each pin will drive one Schottky 
TTL load or four LSTTL loads, and 90 pF. 


DATA BUS (DO0-D7) 


These eight pins provide communication with the system 
bidirectional data bus. Each pin will drive one Schottky TTL 
load or four LSTTL loads, and 130 pF. 
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READ/WRITE (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A low indicates that the MPU 1s writing data onto 
the data bus. R/W is made high impedance when BA 1s 
high. R/W is valid on the rising edge of Q. 


RESET 


A low level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 6. The 
reset vectors are fetched from locations FFFE16 and FFFF16 
(Table 1) when interrupt acknowledge is true, (BA®BS = 1). 
During initial power on, the RESET line should be held low 
until the clock oscillator is fully operational. See Figure 7. 

Because the EF6809 RESET pin has a Schmitt-trigger in- 
put with a threshold voltage higher than that of standard 
peripherals, a simple R/C network may be used to reset the 
entire system. This higher threshold voltage ensures that all 
peripherals are out of the reset state before the processor 





HALT 

A low level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain 
halted indefinitely without loss of data. When halted, the BA 
output Is driven high indicating the buses are high im- 
pedance. BS is also high which indicates the processor is in 
the halt or bus grant state. While halted, the MPU will not 
respond to external real-time requests (FIRQ, IRQ) although 
DMA/BREO will always be accepted, and NMI or RESET will 
be latched for later response. During the halt state, Q and E 
continue to run normally. If the MPU ts not running (RESET, 
DMA/BREQ), a halted state (BA®BS = 1) can be achieved by 
pulling HALT low while RESET is still low. If DMA/BREQ 
and HALT are both pulled low, the processor will reach the 
last cycle of the instruction (by reverse cycle stealing) where 
the machine will the become halted. See Figure 8. 


























BUS AVAILABLE, BUS STATUS (BA, BS) 

The bus available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. This signal does not imply that the bus will be 
available for more than one cycle. When BA goes low, a 
dead cycle will elapse before the MPU acquires the bus. 

The bus status output signal, when decoded with BA, 
represents the MPU State (valid with ieading edge of Q). 


MPU State Definition 


Normal (Running) 


Interrupt or Reset Acknowledge 







MPU State 


aera 
fate 







Sync Acknowledge 


ara 
aoe 





ZELL-L 


FIGURE 6 — RESET TIMING 








Vcc Wee min n+1 n4+2 n+3 n+4 n+5 n+6 n4+7 n+8 m+1 m+2 m+3 m+4 m+5 m+6 m+7 m+8 m+9 m+i10 
i i et ee 











New PC +1 New PC + 1 
naess SEN XXX BT XIII 
FFFE FFFE FFFE FFFE FFFE FFFF FFFF NewPC FFFF FFFF New PC 
or NNNNANNNN:ANN NUN C78 aa GES CSE) EY, ON ma 7 mT 
j Hi VMA 
Bus New PC First New PC First 
BA WAN Low Byte _ Instruction Lo Byte Instruction 
at a ee 


a 


NOTES: 1. Parts with date codes prefixed by 7F or 5A will come out of RESET one cycle sooner than shown. 
2. Timing measurements are referenced to and from a low voltage of 0.8 voits and a high voltage of 2.0 volts, unless otherwise noted. 
3. FFFE appears on the bus during RESET low time. Following the active transition of the RESET line, three more FFFE cycles will appear followed 
by the vector fetch. 


FIGURE 7 — CRYSTAL CONNECTIONS AND OSCILLATOR START UP 


Vv 
VIL IHR 





NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 


EF6809 





8 MHz 
6 MHz 
4 MHz 


Cin ae ; oe Cout 


Nominal Crystal Parameters 





0.01-0.02 pF | 0.01-0.02 pF 
>20k >20k 


39 





All parameters are 10% 
CO NOTE: These are representative AT-cut crystal parameters only. Crystals of other 
types of cut may also be used. 


Typical PC Board Layout 


for Crystal Area — 
20 mm max. | 







20 mm max: 


4 


Other Signals 
39 Not Wired In 
ry 38 This Area. 
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FIGURE 8 —~ HALT AND SINGLE INSTRUCTION 
EXECUTION FOR SYSTEM DEBUG 
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BA 7 2 a ie 
Pe eee ee ON 
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Instruction 
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NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 


INTERRUPT ACKNOWLEDGE is indicated during both 
cycles of a hardware-vector-fetch (RESET, NMI, FIRQ, IRQ, 
SWI, SWI2, SWI3). This signal, plus decoding of the lower 
four address lines, can provide the user with an indication of 
which interrupt level is being serviced and allow vectoring by 
device. See Table 1. 


SYNC ACKNOWLEDGE is indicated while the MPU is 
waiting for external synchronization on an interrupt line. 


HALT/BUS GRANT is true when the MC6809 is in a halt 
or bus grant condition. 
TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS 


Memory Map For 
Vector Locations 





Interrupt Vector 
Description 


SWI12 
SWI3 
Reserved 





NON MASKABLE INTERRUPT (NMI) * 


A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 


interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, iRO, or software interrupts. Dur- 
ing recognition of an NMI, the entire machine state is saved 
on the hardware stack. After reset, an NMI will not be recog- 
nized until the first program load of the hardware stack 
pointer (S). The pulse width of NMI low must be at least one 
E cycle. If the NMi input does not meet the minimum set up 
with respect to Q, the interrupt will not be recognized until 
the next cycle. See Figure 9. 


FAST-INTERRUPT REQUEST (FIRQ) * 


A low level on this input pin will initiate a fast interrupt se- 
quence, provided its mask bit (F) in the CC is clear. This se- 
quence has priority over the standard interrupt request 
([RO), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the inter- 
rupt before doing an RTI. See Figure 10. 





INTERRUPT REQUEST (iRG)* 


A low level input on this pin will initiate an interrupt re- 
quest sequence provided the mask bit (1) in the CC is clear. 
Since [RO stacks the entire machine state it provides a 
slower response to interrupts than FIRQ. [RO also has a 
lower priority than FIRQ. Again, the interrupt service routine 
should clear the source of the interrupt before doing an RTI. 
See Figure 9. 


*NMI, FIRQ, and IRQ requests are sampled on the falling edge of Q. One cycle is required for synchronization before these interrupts are recog- 
nized. The pending interruptis) will not be serviced until completion of the current instruction unless a SYNC or CWAI condition is present. If [RO 
and FIRO do not remain low until completion of the current instruction they may not be recognized. However, NMI is latched and need only re- 
main low for one cycle. No interrupts are recognized or latched between the falling edge of RESET and the rising edge of BS indicating 
RESET acknowledge. 
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FIGURE 9 — IRQ AND NMI INTERRUPT TIMING 


Last cycle 
of Current Instruction 
Instruction Fetch 
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Address 

Bus PC PC FFFF SP—1 SP—2 SP-3 SP-4 SP-5 SP-6 SP-7 SP-8 SP-9SP-10SP-11SP-—12 FFFF EFC FFFD FFFF New New 
TRO rcs (NMI (NMI PC PC+1 
IRQ or 

NMI (RO) (IRQ) 

Data 


VMA PCL PCH USL USH  IYL IYH XL IXH DP ACCB ACCA CCR VMA New New VMA 
PCH PCL 


BN Na les a a SSC 
BA X \ 
BS X X \ / \ 
ee ae eek eee ee ee eee re ae. 





NOTE: Waveform measurements for all inputs and outputs are specified at logic high = 2.0 V and logic low=0.8 V unless otherwise specified. 
* E clock shown for reference only. 
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FIGURE 10 — FIRQ INTERRUPT TIMING 


Last Cycle 
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PC PC FFFF SP-1  SP-2  SP-3  SFFFF. SFFF6  $FFF7. SFFFF # NewPC NewPC+1 


eS eee es 
BA Y X \ 

BS x x / \ 

LOLA LALLA 


NOTE: Waveform measurements for all inputs and outputs are specified at logic high = 2.0 V and logic low=0.8 V unless otherwise specified. 
E clock shown for reference only. 


XTAL, EXTAL 

These inputs are used to connect the on-chip oscillator to 
an external parallel-resonant crystal. Alternately, the pin 
EXTAL may be used as a TTL level input for external timing 
by grounding XTAL. The crystal or external frequency is four 
times the bus frequency. See Figure 7. Proper RF layout 
techniques should be observed in the layout of printed circuit 
boards. . 


E,Q 

E is similar to the EF6800 bus timing signal phase 2; Q is a 
quadrature clock signal which leads E. Q has no parrallel on 
the EF6800. Addresses from the MPU will be valid with the 


leading edge of Q. Data is latched on the falling edge of E. . 


Timing for E and Q is shown in Figure 11. 


MRDY* 


This input control signal allows stretching of E and Q to 
extend data-access time. E and Q operate normally while 
MRDY is high. When MRDY is low, E and Q may be stretch- 
ed in integral multiples of quarter (4) bus cycles, thus allow- 
ing interface to slow memories, as shown in Figure 12(a). 
During non-valid memory access (VMA cycles), MRDY has 
no effect on stretching E and Q; this inhibits slowing the pro- 
cessor during ‘don’t care’’ bus accesses. MRDY may also be 





used to stretch clocks (for slow memory) when bus control 
has been transferred to an external device (through the use 
of HALT and DMA/BREQ). 


DMA/7BREO* 


The DMA/BREQ input provides a method of suspending 
execution and acquiring the MPU bus for another use, as 
shown in Figure 13. Typical uses include DMA and dynamic 
memory refresh. 

A low level on this pin will Stop instruction execution at the 
end of the current cycle unless pre-empted by self-refresh. 
The MPU will acknowledge DMA/BREOQ by setting BA and 
BS to a one. The requesting device will now have up to 15 
bus cycles before the MPU retrieves the bus for self-refresh. 
Self-refresh requires one bus cycle with a leading and trailing 
dead cycle. See Figure 14. The self-refresh counter is only 
cleared if DMA/BREQ is inactive for two or more MPU 
cycles. 

Typically, the DMA controller will request to use the bus 
by asserting DMA/BREQ pin low on the leading edge of E. 
When the MPU replies by setting BA and BS to a one, that 
cycle will be a dead cycle used to transfer bus mastership to 
the DMA controller. 

False memory accesses may be prevented during any dead 
cycles by developing a system DMAVMA signal which is 
LOW in any cycle when BA has changed. 


FIGURE 11 — E/Q RELATIONSHIP 


Start of Cycle 


jE— AVS 
| 


| Address Valid 


End of Cycle (Latch Data) 


NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 


* The on-board clock generator furnishes E and O to both the system and the MPU. When MRDY is pulled low, both the system clocks and tne 
internal MPU clocks are stretched. Assertion of DMA/BREQ input stops the internal MPU clocks while allowing the external system clocks to 
RUN (i.e., release the bus to a DMA controller). The internal MPU clocks resume operation after DMA/BREO is released or after 16 bus cycles 
(14 DMA, two dead), whichever occurs first. While DMA/BREGO is asserted it is sometimes necessary to pull MRDY low to allow OMA 
to/from slow memory/peripherals. As both MRDY and DMA/BREQ.control the internal MPU clocks, care must be exercised not to violate 
the maximum toy¢ specification for MRDY or DMA/BREQ. (Maximum tgy¢ during MRDY or DMA/BREQ is 16 ys.) 
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When BA goes low (either as a result of DMA/BREQ = 
HIGH or MPU self-refresh), the DMA device should be taken 
off the bus. Another dead cycle will elapse before the MPU 
accesses memory to allow transfer of bus mastership 
without contention. 


MPU OPERATION 


During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. 


This sequence begins after RESET and is repeated indefinite- 
ly unless altered by a special instruction or hardware occur- 
rence. Software instructions that alter normal MPU opera- 
tion are: SWI, SWI2, SWI3, CWAI, RTI, and SYNC. An in- 
terrupt, HALT, or DMA/BREOQ can also alter the normal ex- 
ecution of instructions. Figure 15 illustrates the flowchart for 


the EF6809. 


FIGURE 12 — MRDY TIMING AND SYNCHRONIZATION 


a) Timing 


i. ee ae a ae he ae A 


: 


(b) Synchronization 


4.0 MHz 
Oscillator 


XTAL [32 


EXTAL [38 


Part of 


EF6809 wrpy {36 MRDY Stretch 


Active Low 
Chip Select 
for Slow 
Memory or 
Peripheral 









Values 
Chosen 
as Req'd 





MRDY Stretch 
Stretch = 0.7 RC 
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MRDY 
Synchronization 


To Memory 


FIGURE 13 — TYPICAL DMA TIMING (< 14 CYCLES) 


MPU Dead DMA Dead MPU 
Q 
DMA/BREG \A\AN /////7 


tpcs 'PCS 


BA, BS 


OMAVMA* Sef Ne Gf t(—it«~—C 
ADOR | ) ( 


(MPU) 


ADDR : | | : 
(DMAC) : 





FIGURE 14 — AUTO-REFRESH DMA TIMING (> 14 CYCLES) 
(REVERSE CYCLE STEALING) 


lbead eee DMA Cycles eee eee fe een | eee 
| | a a ae | | | 


DMAVM 





> 
* 


*DMAVMA is a signal which is developed externally, but is a system requirement for DMA. 


NOTE: Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 
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interrupt or Reset Acknowledge CWAI 






Sync Acknowledge 
Halt or Bus Grant Acknowledge 


Note: Asserting RESET will result in entering the reset sequence from any point in the flowchart. 


ADDRESSING MODES 


The basic instructions of any computer are greatly enhanc- 
ed by the presence of powerful addressing modes. The 
EF6809 has the most complete set of addressing modes 
available on any microcomputer today. For example, the 
EF6809 has 59 basic instructions; however, it recognizes 


1464 different variations of instructions and addressing 
modes. The addressing modes support modern program- 


ming techniques. The following addressing modes are avail- 
able on the EF6809 : 
Inherent (includes accumulator) 
Immediate 
Extended 
Extended Indirect 
Direct 
Register 
Indexed 
Zero-Offset . 
Constant Offset 
Accumulator Offset 
Auto Increment/ Decrement 
Indexed Indirect 
Relative 
Short/Long Relative Branching 
Program Counter Relative Addressing 


INHERENT (INCLUDES ACCUMULATOR) 


In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
inherent addressing are: ABX, DAA, SWI, ASRA, and 
CLRB. 


IMMEDIATE ADDRESSING 


In immediate addressing, the effective address of the data 
is the location immediately following the opcode (i.e., the 
data to be used in the instruction immediately following the 
opcode of the instruction). The EF6809 uses both 8- and 
16-bit immediate values depending on the size of argument 
specified by the opcode. Examples of instructions with im- 
mediate addressing are: 

LDA #§20 
LDX #$FO00 
LDY #CAT 
NOTE 

# signifies Immediate addressing; $ signifies hexa- 

decimal value. 


EXTENDED ADDRESSING 


In extended addressing, the contents of the two bytes im- 
mediately following the opcode fully specify the 16-bit effec- 
tive address used by the instruction. Note that the address 
generated by an extended instruction defines an absolute 
address and is not position independent. Examples of ex- 
tended addressing include: 


LDA CAT 
STX MOUSE 
LDD $2000 


EXTENDED INDIRECT — As in the special case of indexed 
addressing (discussed below), one level of indirection may 
be added to extended addressing. In extended indirect, the 
two bytes following the postbyte of an indexed instruction 
contain the address of the data, 


LDA [CAT] 
LDX [SFFFE] 
STU [DOG] 


DIRECT ADDRESSING 


Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower eight bits of the address to be used. The 
upper eight bits of the address are supplied by the direct 
page register. Since only one byte of address is required in 
direct addressing, this mode requires less memory and 
executes faster than extended addressing. Of course, only 
256 locations (one page) can be accessed without redefining 
the contents of the DP register. Since the DP register is set 
to $00 on reset, direct addressing on the EF6809 is compati- 
ble with direct addressing on the 6800. Indirection is not 
allowed in direct addressing. Some examples of direct 
addressing are: 


LDA $30 . | 
SETDP $10 (assembler directive) 
LDB $1030 


LDD < CAT 


NOTE 
< is an assembler directive which forces direct 
addressing. 


REGISTER ADDRESSING 

Some opcodes are followed by a byte that defines a 
register or set of registers to be used by the instruction. This 
is called a postbyte. Some examples of register addressing 
are: 


TFR xX, Y Transfers X into Y 

EXG A,B Exchanges A with B 

PSHS A,B, X,Y Push Y, X, B and A onto S 
PULU X,Y,D Pull D, X, and Y from U 


INDEXED ADDRESSING 


In all indexed addressing, one of the pointer registers (X, 
Y, U, S, and sometimes PC) is used in a calculation of the ef- 
fective address of the operand to be used by the instruction. 
Five basic types of indexing are available and are discussed 
below. The postbyte of an indexed instruction specifies the 
basic type and variation of the addressing mode as well as 
the pointer register to be used. Figure 16 lists the legal for- 
mats for the postbyte. Table 2 gives the assembler form and 
the number of cycles and bytes added to the basic values for 
indexed addressing for each variation. . 
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FIGURE 16 — INDEXED ADDRESSING POSTBYTE 
REGISTER BIT ASSIGNMENTS 
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Register Field: RR 


00 = X 

x = Don't Care O1= Y 
d = Offset Bit iG 
O=Not Indirect Hes 


~ 1 = Indirect 


ZERO-OFFSET INDEXED — In this mode, the selected 
pointer register contains the effective address of the data to 
be used by the instruction. This is the fastest indexing mode. 

Examples are: 

LDD O,X 
LDA S 


CONSTANT OFFSET INDEXED -— In this mode, a two's 
complement offset and the contents of one of the pointer 
registers are added to form the effective address of the 
operand. The pointer register’s initial content is unchanged 
by the addition. 

Three sizes of offsets are available: 


5 bit (— 16 to + 15) 
8 bit (— 128 to + 127) 
16 bit (— 32768 to + 32767) 


The two's complement 5-bit offset is included in the post- 
byte and, therefore, is most efficient in use of bytes and 
cycles. The two's complement 8-bit offset is contained in a 
single byte following the postbyte. The twos complement 
16-bit offset is in the two bytes following the postbyte. In 
most cases the programmer need not be concerned with the 
size of this offset since the assembler will select the optimal 
size automatically. 

Examples of constant-offset indexing are: 


LDA 23,X 
LDX = 20 
LDY 300,X 
LDU CAT,Y 


TABLE 2 — INDEXED ADDRESSING MODE 









16-Bit Offset 
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Auto Increment/Decrement R 
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~and F indicate the number of additional cycles and bytes for the particular variation. 


ACCUMULATOR-OFFSET INDEXED This mode ts 
similar to constant offset indexed except that the two’s 
complement value in one of the accumulators (A, B, or D) 
and the contents of one of the pointer registers are added to 
form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies which accumulator 
~ to use as an offset and no additional bytes are required. The 
advantage of an accumulator offset is that the value of the 
offset can be calculated by a program at run-time. 

Some examples are: 


LDA BLY 
LDX D,Y 
LEAX B,X 


AUTO INCREMENT/DECREMENT INDEXED — In the 
auto increment addressing mode, the pointer register con- 
tains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This address- 
ing mode is useful in stepping through tables, moving data, 
or for the creation of software stacks. In auto decrement, the 
pointer register is decremented prior to use as the address of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/ decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The 
pre-decrement, post-increment nature of these modes 
allows them to be used to create additional software stacks 
that behave identically to the U and S stacks. 

Some examples of the auto increment/decrement ad- 
dressing modes are: 


LDA iX+ 
STD Yt 
LDB p= ¥ 
LDX .--S 


Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX 0,X+ + (X initialized to 0) 
The desired result is to store zero in locations $0000 and 
$0001 then increment -X to point to $0002. In reality, the 
following occurs: 


O—temp calculate the EA; temp is a holding register 
X+2->X perform auto increment 
X—>(temp) do store operation 


INDEXED INDIRECT — All of the indexing modes, with 
the exception of auto increment/decrement by one or a 
+ 4-bit offset, may have an additional level of indirection 
specified. In indirect addressing, the effective address is con- 
tained at the location specified by the contents of the index 
register plus any offset. In the example below, the A ac- 
cumulator is loaded indirectly using an effective address 
calculated from the index register and an offset. 
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Before Execution 
A= XX (don’t care) 


X = $F000 
$0100 LDA [$10,X] EA is now $F010 
$F010 SFI $F 150 is now the 
$FO11 $50 neWiEA 

$F 150 SAA 


After Execution 
A=SAA Actual Data Loaded 
X = $FO00 
All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 
one indirect). Some examples of indexed indirect are: 


LDA [,X] 
LOD [10,S] 
LDA [B,Y] 
LDD [.X+ +] 


RELATIVE ADDRESSING 


The byte(s) following the branch opcode is (are) treated as 
a signed offset which may be added to the program counter. 
If the branch condition is true, then the calculated address 
(PC + signed offset) is loaded into the program counter. 
Program execution continues at the new location as in- 
dicated by the PC; short (one byte offset) and long (two 
bytes offset) relative addressing modes are available. All of 
memory can be reached in long relative addressing as an ef- 
fective address is interpreted modulo 216. Some examples of 
relative addressing are: ; 


BEQ CAT (short) 
BGT DOG (short) 
CAT LBEQ RAT (long) 
DOG LBGT RABBIT (long) 
e 
e 
e 
RAT NOP 
RABBIT NOP 


PROGRAM COUNTER RELATIVE — The PC can be used 
as the pointer register with 8- or 16-bit signed offsets. As in 
relative addressing, the offset is added to the current PC to 
create the effective address. The effective address is then 
used as the address of the operand or data. Program counter 
relative addressing is used for writing position independent 
programs. Tables related to a particular routine will maintain 
the same relationship after the routine is moved, if 
referenced relative to the program counter. Examples are: 

LDA CAT, PCR 
LEAX TABLE, PCR 

Since program counter relative is a type of indexing, an 

additional level of indirection is available. 
LDA [CAT, PCR} 
LDU [DOG, PCR] 


INSTRUCTION SET 


The instruction set of the EF6809E is similar to that of 
the 6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional ad- 
dressing modes, the number of available opcodes (with dif- 
ferent addressing modes) has risen from 197 to 1464. 

Some of the new instructions are described in detail 
below. 


PSHU/PSHS 


The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register or set of registers with a single instruction. 


PULU/PULS 


The pull instructions have the same capability of the push 
instruction, In reverse order. The byte immediately following 
the push or pull opcode determines which register or 
registers are to be pushed or pulled. The actual push/ pull se- 
quence Is fixed; each bit defines a unique register to push or 
pull, as shown below. 


Push/ Pull Postbyte Stacking Order 


Pull Order 
CCR cc 
A A 
B B 
DPR DP 
xX X Hi 
Y X Lo 
S/U a 
PC Y to 
U/S Hi 
U/S Lo 
PC Hi 
PC Lo 
Push on 
Increasing 
Memory 


TFR/EXG 


Within the EF6809E, any register may be transferred 
to or exchanged with another of like size, i.e.,8 bit to 8 bit 
or 16 bit to 16 bit. Bits 4-7 of postby te define the source 
register, while bits O03 represent the destination register. 
These are denoted as follows : 


Transfer/Exchange Postbyte 


Source Destination 


Register Fieid 


0000 = D (A:B) 1000=A 
0001 = X 1001=B 
0010 = Y 1010= CCR 
0011=U 1011=DPR 
0100=S 
0101=PC 
NOTE 
All other combinations are undefined and INVALID. 
LEAX/LEAY/LEAU/LEAS 


The LEA (load effective address) works by calculating the 
effective address used in an indexed instruction and stores 
that address value, rather than the data at that address, ina 
pointer register. This makes all the features of the internal 
addressing hardware available to the programmer. Some of 
the implications of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data 
and tables in a position independent manner. For example: 


LEAX MSG1, PCR 
LBSR_ ~=PDATA (print message routine) 


e 
t 
MSGI1 FCC ‘MESSAGE’ 

This sample program prints: ‘MESSAGE’. By writing 
MSG1, PCR, the assembler computes the distance between 
the present address and MSGI]. This result is placed as a 
constant into the LEAX instruction which will be indexed 
from the PC value at the time of execution. No matter where 
the code is located when it is executed, the computed offset 
from the PC will put the absolute address of MSG1 into the X 
pointer register. This code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using 
the LEA instructions with the auto increment and auto 
decrement addressing modes due to the sequence of internal 
operations. The LEA internal sequence is outlined as follows: 


LEAa ,b+ (any of the 16-bit pointer registers X, Y, 
U, or S may be substituted for a and b) 

1. b—=temp (calculate the EA) 

2. b+1—~b (modify b, postincrement) 

3. temp— a (load a) 

LEAa ,—b 


1. b-1—temp (calculate EA with predecrement) 
2. b-—1—~b (modify b, predecrement) 
3. temp— a (load a) 


TABLE 3 — LEA EXAMPLES 















Instruction 
LEAX 10,X 
LEAX 500, X 
LEAY A,Y 
LEAY D,Y 
LEAU — 10, U 
LEAS -10,S 
LEAS 10,8 
LEAX 5,8 
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Adds 5-Bit Constant 10 to X 
Adds 16-Bit Constant 500 to X 
Adds 8-Bit A Accumulator to Y 
Adds 16-Bit D Accumulator to Y 
Substracts 10 from U 

Used to Reserve Area on Stack 
Used to ‘Clean Up’ Stack 
Transfers As Well As Adds 



















Auto increment-by-two and auto decrement: by- two instruc- 
tions work similarly. Note that LEAX ;X+ does not change 
X; however, LEAX, — X does decrement; LEAX 1, X should 
be used to increment X by one. 


MUL 


Multiplies the unsigned binary numbers in the A and B ac- 
cumulator and places the unsigned result into the 16-bit D 
accumulator. The unsigned multiply also allows multiple- 
precision multiplications. 


LONG AND SHORT RELATIVE BRANCHES 


The EF 6809 has the capability of program counter relative 
branching throughout the entire memory map. In this mode, 
if the branch is to be taken, the 8- or 16-bit signed offset is 
added to the value of the program counter to be used as the 
effective address. This allows the program to branch 
anywhere in the 64K memory map. Position-independent 
code can be easily generated through the use of relative 
branching. Both short (8-bit) and long (16-bit) branches are 
available. 


SYNC 


After encountering a sync instruction, the MPU enters a 
sync State, stops processing instructions, and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable (FIRG, [RO) with its mask bit (F or |!) clear, the pro- 
cessor will clear the sync state and perform the normal inter- 
rupt stacking and service routine. Since FIRO and [RO are 
not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the interrupt will 
be taken. If the pending interrupt is maskable (FIRO, IRQ) 
with its mask bit (F or !) set, the processor will clear the sync 
State and continue processing by executing the next in-line 
instruction. Figure 17 depicts sync timing. 


SOFTWARE INTERRUPTS 


A software interrupt is an instruction which will cause an 
interrupt and its associated vector fetch. These software in- 
terrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and soft- 
ware development systems. Three levels of SW! are available 
on the EF6809, and are prioritized in the following order: 
SWI, SWI2, SWI3. 


16-BIT OPERATION 


The EF6809,has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes, and pulls. 


CYCLE-BY-CYCLE OPERATION 


The address bus cycle-by-cycle performance chart (Figure 
18) illustrates the memory-access sequence corresponding 
to each possible instruction and addressing mode in the 
EF6809. Each instruction begins with an opcode fetch. 
While that opcode is being internally decoded, the next pro- 
gram byte is always fetched. (Most instructions will use the 
next byte, so this technique considerably speeds through- 
put.) Next, the operation of each opcode will follow the 
flowchart. VMA is an indication of FFFF16 on the address 
bus, R/W=1 and BS=0. The following examples illustrate 
the use of the chart. 
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Example 1: LBSR (Branch Taken) 
Before Execution SP = F000 


$8000 CAT 


eeeereee 
w 
wo 
ay 


$A000 CAT 


CYCLE-BY-CYCLE FLOW 


Opcode Fetch 
Offset High Byte 
Offset Low Byte 












Computed Branch Address 
VMA Cycle 

Stack High Order Byte of 
Return Address 

Stack Low Order Byte of 
Return Address 








Example 2: DEC (Extended) 
$8000 DEC $A000 


$A8000 $80 


CYCLE-BY-CYCLE FLOW 


[Sree 7 [iss | ate R/W [Bescon 


Opcode Fetch 
Operand Address, High Byte 
Operand Address, Low Byte 
VMA Cycle 

Read the Data 

VMA Cycle 

Store the Decremented Data 















“The data bus has the data at that particular address. 


INSTRUCTION SET TABLES 


The instructions of the EF6809 have been broken down 
into five different categories. They are as follows: 

8-bit operation (Table 4) 

16-bit operation (Table 5) 

Index register/stack pointer instructions (Table 6) 

Relative branches (long or short) (Table 7) 

Miscellaneous instructions (Table 8) 

Hexadecimal values for the instructions are given in 

Table 9. 


PROGRAMMING AID 


Figure 19 contains a compilation of data that will assist in 
programming the EF6809. 
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FIGURE 17 — SYNC TIMING 
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See Note 1 
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IRQ < See Note 2 
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NOTES: 
1. If the associated mask bit is set when the interrupt is requested, this cycle will be an instruction fetch from address location PC + 1. However, if the in- 
terrupt is accepted (NMI or an unmasked FIRO or TRO) interrupt processing continues with this cycle as m on Figures 9 and 10 (Interrupt Timing). 
2. 'f mask bits are clear, IRO and FIRO must be held low for three cycles to guarantee interrupt to be taken, although only one cycle is necessary to bring 
the processor out of SYNC. 
3. Waveform measurements for all inputs and outputs are specified at logic high 2.0 V and logic low 0.8 V unless otherwise specified. 


FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 1 of 9) 
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'LBSR. 


FFF 


Yes 













[bon Care] 
Sub. Dest. Addr. 


FFFF 


Return Addr. Low 


Return Addr. High 


Take 
Branch? 


NOTES: 
1. Each state shows: ; a 


Offset High 
NNNN + 1(2) 


2. Address NNNN is location of opcode. 











Data Bus 


Address Bus 


3. If opcode is a two byte opcode subsequent 
addresses are in parenthesis (—). 


4. Two-byte opcodes are highlighted. 
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Y 


FIGURE 18 — CYCLE-BY-CYCLE PE RFORMANCE (Sheet 2 of 9) 


Inherent Addressing Mode 





= e 


ABX ASLA/B SWI, Sez: 
ASRA/B Sa 


COMA/B : 
NNWNN + 1 NNNN + 1 DAA NNNN + 1 NNNN + 1(2) 


DECA/B 
INCA/B 


LSLA/B Don’t Care 
FFFE LSRA/B FFFF FFFF 
NEGA/B 
NOP 
RORA/B Don't Care PC Low 
SEX FFFF Stack 
TSTA/B 


_ FFFF Stack 


User Stack High ] 
FFFF Stack 


FFFF Stack 


FFFF Stack 


PEER Stack 


FFFF Stack 
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Direct Page 
Register 


' Stack 


B Register 
Stack 


A Register 
Stack 


Condition 
Code Register 


| Stack 


Don't Care 
FFFF 


Interrupt 
Vector High 


FFX 


Interrupt 
Vector Low 


FFFX +1 


Don’t Care 
FFFF 


FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 3 of 9) 


CWAIF YY 


Code Register 
NNNN + 1 NNNN + 1 
: 


Inherent Addressing Mode 



























YY RTI 


NNNN+1 | 








' Don't Care - 
NNN 
, . 


Don’t Care 
FFFF 


Interrupt 


Present? Interrupt 


Present? 


é PC Low 
Yes 


Yes 


— Stack 
interrupt 


Vector High 
FFFX 


ae PC High 


Direct Page 
Register 


_ | X Register High 
| 


X Register Low 


Y Register High 


Y Register Low 


User Stack High 


User Stack Low 


PC High 


Interrupt 
Vector Low 


FFFX +1 


User Stack Low 


Stack 


Don’t Care 
FFFF 


User Stack High 
Stack 


Y Register Low 
_ Stack 


Y Register High 
Stack 


X Register Low 


Stack 


X Register High 
Stack 


Direct Page 
Register 


Stack 


__B Register 
Stack 


A Register 
Stack 
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YY 


FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 4 of 9) 


Immediate Addressing Mode 


PULU 
PULS 


Post Byte 
NNNN + 1 


Don't Care 


FFFF 


Don't Care 


FFFE 







Post Byte 
Bit 0 
Set? 


No 














Condition 
Code Register 


Stack 


A Register 
Stack 


B Register 


Direct Page 
Register 

















X Register High 


X Register Low 


Y Register High 


Y Register Low 


U/S Stack 


Pointer High 


U/S Stack 
Pointer Low 






Post Byte 
Bit 7 
Set? 
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PSHU 
PSHS 


Post Byte 
NNNN + 1 


Don't Care 


FFFF 


Don't Care 


FFFF 


Don't Care 


Stack 








U/S Stack 
Pointer Low 


U/S Stack 
Pointer High 






Post Byt 
Bit 5 
Set? 


Y Register Low 


Y Register High 


No 
















Xx Register Low 


X Register High 







Post Byte 
Bit 3 
Set? 


Direct Page 
Register 


B Register 


ARegister | 


Stack 


Condition 
Code Register 













FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 5 of 9) 










Direct Extended 
Addressing Addressing 


Mode Mode 
Address Low Address High 
NNNN + 1(2) 


NNNN + 1(2) 


immediate Addressing Mode 








All Instructions ' 
_._ Except: 


PSHS, 


NNNN +1 PULS, 


TFR 


NNNN + 1 


























ome and 








FFFF 


FFFF 


FFFF 


FFFF 


[bon Care] 
FFFF 


FFFF 


FFFF 


FFFF 


FFFF 


FFFF 


FFFF 
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 6 of 9) 


Indexed Addressing Mode 


v 
NNNN + (2) 














































































O Offset 5-Bit Offset 8-Bit Offset 16-Bit Offset A/B Offset D Offset 
From R From R From R From R From R From R 
NNNN + 2(3) | NNNN + 2(3) NNNN + 2(3) NNNN + 2(3) NNNN + 2(3) NNNN + 2(3) 
FFFF FEE NNNN + 3/4) PREP NNNN + 3(4) 
NNNN + 4(5) NNNN + 4(5) 
FEEF FRFF 
EEEF FFEF 
Yes 
Indirect High 
XXXX 
XXXX 
Constant Offset from R 
XXXX + J No Offset Index Register 
8-Bit Offset Index Register + Offset Byte 
16-Bit Offset Index Register + Offset High Byte: Offset 
, Low Byte 
Accumulator Offset from R 
FEPF A Register Offset index Register + A Register 
B Register Offset Index Register + B Register 
D Register Offset Index Register + D Register 
Auto Increment/Decrement R ; 
wy Increment by 2 Index Register 
Decrement by 2 Index Register — 2 
LY Constant Offset from PC 
8-Bit Offset Program Counter + Offset Byte 
16-bit Offset Program Counter + Offset High Byte Offset 
Low Byte 


Extended Indirect 
16-Bit Address Address High Byte’ Addres Low Byte 


* 
The index register is incremented 
following the indexed access 
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XY 


Inc/Dee 
R by 1 


NNNN + 2(3}) 


FFFF 


oon core 
FFFF 


FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 7 of 9) 


Indexed Addressing Mode 


Inc/Dec 
R by 2 


NNNN + 2(3) 


FFFF 


FFFF 
FFFF 


PC+ 
Of 














































Yes 










Indirect High 


XXXX 


XXXX +1 


FFFF 


NNNN + (2) 


16-Bit 
fset 


Offset High 
NNNN + 2(3) 


Offset Low 
NNNN + 3(4) 


NNNN + 4(5) 


FFFF 


FFFF 


FFFF 


Extended 
Indirect 


Address High 
NNNN + 2(3) 


Address Low 
NNNN + 3(4) 


NNNN + 4(5) 








































Constant Offset from R 
No Offset 
8-Bit Offset 
16-Bit Offset 


Accumulator Offset from R 
A Register Offset 
B Register Offset 
D Register Offset 


Auto Increment/Decrement R 
Increment by 2 
Decrement by 2 


Constant Offset from PC 
8-Bit Offset 
16-bit Offset 


Extended Indirect 
16-Bit Address 


* 
The index register is incremented 
following the indexed access 
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NNNN+2(3) | 


FFFF 


XXXX 


Index Register 
Index Register 
Index Register 


+ Offset Byte 
+ Offset High Byte: Offset 


Low Byte 

Index Register + A Register 
Index Register + B Register 
Index Register + D Register 


Index Register” 
Index Register - 2 


Program Counter + Offset Byte 
Program Counter + Offset High Byte Offset 
Low Byte 


Address High Byte: Addres Low Byte 


FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 8 of 9) 












Effective Address 







































ANDCC, JMP ADCA/B, STA/B fF LOD, F = STD. RSeES 
ORCC (All Except ADDA/B, (AllExcept |] §§ 326% 
(Immediate Immediate) ANDA/B, Immediate) 

Only) BITA/B, 
CMPA/B, Immediate) 
a 
SBCA/B, 
SUBA/B 











Register High 


NNNN + 1 


NNNN +2 


Register High 
(Write) 


Register Low 
(Write) 

















Effective Address (EA) 


Constant Offset from R 


No Offset Index Register 

5-Bit Offset Index Register 

8-Bit Offset Index Register + Post Byte 

16-Bit Offset index Register + Post Byte High: Post Byte Low 


Accumulator Offset from R 


A Register Offset Index Register + A Register 

B Register Offset Index Register + B Register 

D Register Offset Index Register + D Register 
Auto Increment/Decrement R e 

Increment by 1 Index Register | 

Increment by 2 Index Register 

Decrement by 1 Index Register — 1 

Decrement by 2 Index Register — 2 


Constant Offset from PC 


~@-Bit Offset tS~S Program Counter + Offset Byte 
16-Bit Offset Program Counter + Offset High Byte. Offset Low Byte 
Direct Direct Page Register Address Low 
Extended Address High Address Low 
Immediate NNNN + J 


* 
The index register 1s incremented 
following the indexed access 
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FIGURE 18 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 9 of 9) 


ASL, ASR, 
CLR, COM, 
DEC, INC, 
LSL, LSR, 
NEG, ROL, 
ROR (All 
Except 
Immediate) 








FFFF 


Data (Write) 


Constant Offset from R 
No Offset 
5-Bit Offset 
8-Bit Offset 
16-Bit Offset 


Accumulator Offset from R 
A Register Offset 
B Register Offset 
D Register Offset 


Auto Increment/Decrement R 
Increment by 1 
increment by 2 
Decrement by 1] 
Decrement by 2 


Constant Offset from PC 
8-Bit Offset 
16-Bit Offset 

Direct 

Extended 


Immediate 


* 
The index register 1s incremented 
following the indexed access 


Effective Address 






(All Except 
Immediate) 





FFFF 


FFFF 
























FFFF 
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JSR LEAS, 















(All Except LEAV, 
Immediate) LEAX, 
LEAY 





(Indexed Only) 


‘Sub. Address 


FEFF 
PC Low (Write) 


PC High (Write) 


















Effective Address (EA) 


Index Register 

Index Register 

Index Register + Post Byte 

Index Register + Post Byte High: Post Byte Low 


Index Register + A Register 


_ Index Register + B Register 


Index Register + D Register 


Index Register. 
Index Register 
Index Register — 1 
Index Register ~ 2 


Program Counter + Offset Byte 

Program Counter + Offset High Byte’ Offset Low Byte 
Direct Page Register. Address Low 

Address High Address Low 


NNNN + 1 


TABLE 4 — 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 


[Wrersonicts)[—SSCS~S~Speration —SCC*d 






ASR, ASRA, ASRB Arithmetic shift of accumulator or memory right 


oO 


LR, CLRA, CLRB Clear accumulator or memory location 


OQ 


m 


Transfer R1 to R2 (R1, R2 = A, B, CC, DP) 


NOTE: A, B, CC, or DP may be pushed to (pulled from) stack with either PSHS, PSHU 
(PULS, PULU) instructions. 


cy 





Ps) 











AlPaAInNInjn 





TABLE 5 — 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 


[—Mnemonisis) [Operation SCS~*d 
ADDO 

ne 
XG OR 











IMO 
Oo 


D Load D accumulator from memory 
EX Sign Extend B accumulator into A accumulator 








” 


SUBD 
FR OR 


NOTE: D may be pushed (pulled) to stack with either PSHS, PSHU (PULS, 
PULU) instructions. 


ayo 7) 
4 
oO 
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TABLE 6 — INDEX REGISTER/STACK POINTER INSTRUCTIONS 


fp ineucton | Ceseripon Sd 
CMPS, CMPU Compare memory from stack painter 


CMPX, CMPY Compare memory from index register 


EXG Rt, R2 Exchange D, X, Y, X, U, or PC with D, X Y, S. U, or PC 
LEAS, LEAU Load effective address into stack pointer 















Load effective address into index register 
STS, STU ‘| Store stack pomnter omemory Cd 
Store index register to memory 


TABLE 7 — BRANCH INSTRUCTIONS 


[struction —(acripton id 
SEO, LBEO 
BNE, LBNE 















BMI, LBMI Branch if minus 


BPL, LBPL Branch if plus 


BCS, LBCS Branch if carry set 


BCC, LBCC 
BVS, LBVS Branch if overflow set 
BVC, LBVC Branch if overflow clear 


BG7, LBGT Branch if greater (signed) 
BVS, LBVS Branch if invalid 2s complement result 


BGE, LBGE Branch if greater than or equal (signed) 
BEQ, LBEQ Branch if equal 
BNE, LBNE Branch if not equal 


BLE, LBLE 
BVC, LBVC 
BLT, LBLT Branch if less than (signed) 

BHI, L6H 
BCC, LBCC_ 















HS, LBHS 
BEG, BEC 
BNE, LENE 
BLS, LBL 
BCS, LBCS 
BLO, LBLO 
Branch never 


TABLE 8 — MISCELLANEOUS INSTRUCTIONS 

















AND condition code register, then wait for interrupt 

ee eee 
: 
RTS 


Return from interrupt 
IRTS Ss Return from subroutine 
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TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES 


Indexed 
Immed 
Immed 
Immed 
Immed 


ROR 

ASR 

ASL, LSL 

ROL 

DEC 

* 

INC 

TST 

JMP 

CLR Direct 


Inherent 


ODD DM MD 


Inhertent 


Inherent Indexed 


OW OD DM 


= Inherent Extended 


Inherent 
Inherent 


Relative 
Relative 


Inherent 
Immed 
immed 
inherent 
Immed 
Immed Inherent 





BRA Relative 
BRN 

BHI 

BLS 

BHS, BCC 

BLO, BCS 

BNE 

BEQ 

BVC 

BVS 

BPL 

BMI 

BGE 

BLT 

BGT 

BLE Relative 








Relative | 7 


Inherent 


WOW WWW WWW WWW WW WW Ww 
NOP NM NM MMM NY NH KM NM DN NM AI A A 





LEGEND: 
~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 
# Number of program bytes 
* Denotes unused opcode 
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TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES (CONTINUED) 


fae eh eee eae }op_|Mnem | Mode _|~ | ¢_ | 


Immed [2 





Page 2 and 3 Machine 
Codes 


Relative | 5 
Immed 
Imimed 


NOnr on Sse hp apt aHH HLA A 
NOM HM KH NM HK NM NH NK A KR ANN A AD 


NO 


Indexed 


Relative 

Inherent 
immed 
immed 
Direct 


NO RO AD tO RO RO 
WWWHA HAHAHAHA HDA AAA HAA HRA A 


Direct 
Indexed 


Indexed 
Extended 


arnr fbf hPPphfppp onpar H 


RON RN MK NH KL LH 


nN 


Indexed 


Extended Extended 


Immed 
Direct 
Direct 

Indexed 
indexed 
Extended 
Extended | 7 
inherent 
immed 
immed 
Direct 
Direct 
Indexed | 7+ 
Indexed | 7+ 
Extended{8 
Extended|8 


Indexed 


OMAN OAKHAM AWAMMGInnrna 
WWWW WW WWW WWW WW WwW WwW 


Extended 


Ww 


4 
4 
4 
4 
3 
3 
3 
3 
4 
4 
2 
4 
i 
3 
3 
3 
3 

4 
4 


NOTE: All unused opcodes are both undefined 
and illegal 


Extended 
Extended 


ODDO aAranrianan»wn oo 
WOWWWWW WW WWW WWW Ww 


Extended 
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FIGURE 19 — PROGRAMMING AID 
Addressing Modes 
— Description 
B+ X—X (Unsigned) 
A+M+C—A 
B+M+C-—B 
A+M—A 
B+M—B 
D+MM+1—D 
AAM=—A 
BAM—B 
CC A IMM~CC 


Bit Test A 7 A A) 
Bit Test B (M A B) 
a ‘ 
O—M 1 


Compare M from A 
Compare M from B 
Compare M M+ 1 from D 
Compare MM+1 from S 
Compare M:M+1 from U 


Compare M M+ 1 from X 
Compare M M+1 from Y 


“fecammceworarmene] Tf Tr 
pedi p ry} oft 


aH 
Nese 


ENO i 
eS B 


iN 
+ 


nol nw 


a2 eS ECCI 
EAC a SC 


~ 
m™m 


2) 
ed 
5 
5 
5 
7 
5 
5 
ane 
5 
5 
sla 
5 
5 
8 
8 
8 
7 
8 
a 
= 
- 
5 
5 
E 
| 8 
5 
5 
6 
7 





m 
> 





LEGEND: M Complement of M t Test and set if true, cleared otherwise 
OP Operation Code (Hexadecimal) — Transfer Into ° Not Affected 

~ Number of MPU Cycles H ~ Half-carry (from bit 3) CC Condition Code Register 

# Number of Program Bytes N Negative (sign bit) :  Concatenation 

+ Arithmetic Plus Z Zero result V___ Logical or 

— Arithmetic Minus VV Overflow, 2's complement A Logical and 

© = Multiply C Carry from ALU ¥ Logical Exclusive or 
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FIGURE 19 — PROGRAMMING AID (CONTINUED) 


Instruction 


LSL- LSLA 
LSRA 
LSRB 
ss 

pee 
— 
NEGB 
ae ee 
wf 
ORB 
ORCC 

PSH 


ae 
ae 


PUL PULS 


| Re 





Addressing Modes 


ee Lo aR ETT OE een 


LSLB ne 
LSL 78 7 


arr 
aa = 


ett me 4 4 =—_ 
DA EA} 4+) 2+] FA 


35 |5+4 
PULU 37 15+4 


ROL ROLA 
ROLB 
ROL 
RORA 
RORB 
oe 


he ace rc rbfehttatetahtt 
a C2 D2 E2;4+] 2+) F2 
ee 
= = 


Oa nr 
Ro 





or ag 
RO RO 


10] 6 


5 

2 |2] 9 

8 2 }2 4 BO 
83] 4 | 3] 93 





3 
SUBA 2 
SUBB 2 
SUBD 2 





Eee oe 


ITFR IRI, }R1,R2 | 


ae 
£9 
6+] 2+ 
46 
56 
4 + rica a 


| 3B | 6/15} 1 | Return From Interrupt 





AQ 2+ 
EO }4+)] 2+ 
A316 2+ 


+ 














ee te 


| 1 [A x JAxB—D (Unsigned) D et aaa 


oY 
0 
7 


Satin 


| 1 {No Operation 

AVM=—A 

BVM-~B 

CC V IMM-CC 

Push Registers on S Stack 
Push Registers on U Stack 
Pull Registers from S Stack 
Pull Registers from U Stack 


Aas Return from Subroutine 





FO 
B3 


5/3 
5 
7 





3 
3F c 1 
10} 20] 2 
3F 
Wy 20] 1 
3F 


A-M-~C—A 
B~M-C—B 


fe) A RCo 


oe 


oOo 


-M— 8 
8 
Seems e 


Software Interrupt 1 
Software Interrupt 2 


Software Interrupt 3 





fe ee oe Co 


| IRI=R2 


Scans EE Test A 

TSTB Test B 

TST 6+} 2+] 7D Test M 
NOTES: 


ae une column gives a base cycle and byte count. To obtain total count, add the values obtained from the INDEXED ADDRESSING MODE table, 
able 2. 
2. R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers. 
The 8 bit registers are: A, B, CC, DP 
The 16 bit registers are: X, Y, U, S$, D, PC 
EA is the effective address. 
The PSH and PUL instructions require 5 cycles plus 1 cycle for each byte pushed or pulled. 
5(6) means: 5 cycles if branch not taken, 6 cycles if taken (Branch instructions). 
SWI sets | and F bits. SWI2 and SWI3 do not affect | and F. 
Conditions Codes set as a direct result of the instruction. 
Vaue of half-carry flag is undefined. 
Special Case — Carry set if b7 is SET. 


OMNIA wW 
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FIGURE 19 — PROGRAMMING AID (CONTINUED) 


Branch Instructions 


Addressing , 
Mode 
0 Relative 
Instruction }~ 5] # | Description Forms OP | 8 | Description 





Branch Lower 
or Same 
4 |Long Branch Lower 
Branch< Zero 
Long Branch< Zero 
Branch Minus 
Long Branch Minus 


~5 
3 | 2 
5(6) 
BCS BCS 25| 3 | 2 |Branch C=1 2 
LBCS 10 | 5(6)| 4 |Long Branch 2 
25 C=1 4 
2 
4 
3 2 | Branch Z=0 
5(6)} 4 |Long Branch 
2 
4 
2 
3 
2 
3 


BLT 2 

LBLT 10 | 516) 
2 
2 


BCC BCC 24{ 3 } 2 |Branch C=0 BLS 23 
LBCC 10 +5(6)| 4 |Long Branch 

24 | C=0 LBLS 10 

3 
BEQ BEQ 27| 3 | 2 | Branch z=1 

LBEQ 10 4 |Long Branch BRR BMI 
27 Z=0 LBMI 1 
2 


D] 3 
0 | 5 
D 
Bj} 3 
0 | 516) 
BGE 2C| 3 | 2 |Branch2 Zero B 
LBGE 10 | 5(6)| 4 |Long Branch2 Zero BNE 
2c LBNE 


Z#0 


3 Branch Plus 
5(6) Long Branch Plus 


Branch Always 
Long Branch Always 


2 |Branch Never 
4 jLong Branch Never 


BHI 2 | Branch Higher 
LBHt 3 
5 
3 
5 
7 Branch to Subroutine 
9 Long Branch to 
Subroutine 


2E 
1 
E 
22 
10 | 5(6)| 4 |Long Branch Higher BRA 
24 
10 
24 


BGE 
BGT BGT 3 | 2 |Branch> Zero i 
LBGT 0 | 516)} 4 |Long Branch> Zero BPL 2 
2 LBPL 
A re 
BHS BHS 3 | 2 {Branch Higher BRN 
or Same LBRN 
LBHS 5(6)| 4 |Long Branch Higher 
8 





BSR 
BLE 2F} 3 | 2 |Branchs Zero LBSR 
LBLE 10 | 5(6)} 4 }Long Branch < Zero 
2F BVC 3 | 2 [Branch V=0 
BLO 25! 3 | 2 {Branch lower LBVC 5(6)| 4 |Long Branch 
LBLO 10 | 5(6)| 4 }Long Branch Lower V=0 
2 BVS 3 | 2 [Branch V=1 
LBVS 5(6)] 4 jLong Branch 
V=1 


SIMPLE BRANCHES 


26 
10 
26 
A 
10 
A 
20 
6 
2) 
10 
21 
D 
7 
28 
10 
28 
29 
10 
29 





OF: 2 = # SIMPLE CONDITIONAL BRANCHES (Notes 1-4) 
BRA 20 3 2 Test True OP False OP 
LBRA 6 5 3 N=1 BMI 2B BPL 2A 
BRN 21 3 2 Z=1 BEQ 27 BNE 26 
LBRN 1021 5 4 V=1 BVS 29 BVC 28 
BSR 8D i 2 C=1 BCS 25 BCC 24 
LBSR 17 9 3 
SIGNED CONDITIONAL BRANCHES (Notes 1-4) UNSIGNED CONDITIONAL BRANCHES (Notes 1-4) 
Test True OP False OP Test True OP False OP 
rm BGT 2E BLE 2F r>m BHI 22 BLS 23 
r=m BGE IC BLT 2D r=m BHS 24 BLO 25 
r=m BEQ 27 BNE 26 r=m BEQ 27 BNE 26 
rsm BLE 2F BGT 2E r<sm BLS 23 BHI 22 
r<m BLT 2D BGE 2C r<m BLO 25 BHS 24 


NOTES: 
1. All conditional branches have both short and long variations. 
2. All short branches are two bytes and require three cycles. 
3. All conditional long branches are formed by prefixing the short branch opcode with $10 and using a 16-bit destination offset. 
4. All conditional long branches require four bytes and six cycles if the branch is taken or five cycles if the branch is not taken. 
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PHYSICAL DIMENSIONS 


mm 


e max e = 2.54(2) 


ie? e4245 a GERRSEGII 


CB-182 





P SUFFIX 
PLASTIC PACKAGE 


(1). Nominat dimension 
(2) True geometrical position 
ALSO AVAILABLE 


J SUFFIX C SUFFIX 
40 pins CERDIP PACKAGE CERAMIC PACKAGE 





ORDERING INFORMATION 


EF68A09 C,M; BIB 
Device | | — Screening level 
Package Oper. temp. 


ag 
The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. 


[PACKAGE | OPER TEMP | SCREENING LEVEL 
Tae Cs een ae 


EF6809 (1.0 MHz) 


EF68A09 (1.5 MHz) 


EF68B09 (2.0 MHz) 


Examples : EF6809C, EF6809CV, EF6809CM 


Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN : PLCC. 
Oper. temp. : L*: 0°C to + 70°C, V: —40°C to +85°C, M: —55°C to +125°C, *: may be omitted. 
Screening level : Std: (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 


{ oocmpecnbos 
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PHYSICAL DIMENSIONS 


CB-521 





Pin Lidentufication 


16,910. a 
















FN SUFFIX 
PLCC 44 








42UJEXTAL 
41{} RESET 
40T]MRDY 


a 
< 
Fk 
x 
= 
oO 
vt 








28 18 || 
em 1,27 elejelelelelelelele| VecO 7 3000 








Typ. 
Ao[|8 38 Je 
Aify9 37 DDMA/BREG 
A2(J10 36 J) R/w 
NC(Qj11 35 LINC 
NC{J12 34 1)bo 
A313 33001 
SITELESC A414 32 [JD2 
A515 31 [JD3 
A616 30 [] D4 
A717 29 []D5 
2™"e79e ,nRaeaeekaa’ 
your UuUoD UU U UC 
Be ee eh ee ee a 
< qq¢q@dqraqdqq€ 
a . = "] 
16.33 2,09 max. 
1.07 
1.47 
1 
40 
CB-708 


Output n®] 





18 














7 | 7 


e=1.27 wledesegeseacgenegese! 





16.33 
16.81 








i E SUFFIX 
4A pins LCCC 44 








\/ 


SITELESC 
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THOMSON 
a EF6809E 


@ 


MOSTEK 





The EF6809E is a revolutionary high performance 8-bit microprocessor 
which supports modern programming techniques such as position independ- HMOS 


ence, reentrancy, and modular programming. 
, : ; ae : ‘ é HIGH-DENSITY N-CHANNEL, S! - 
This third-generation addition to the 6800 Family has major architectural SIRIEO NCATE) 


improvements which include additional registers, instructions, and addressing 8-BIT 
modes. 

The basic instructions of any computer are greatly enhanced by the MICROPROCESSING 
presence of powerful addressing modes. The EF6809E has the most com- UNIT 


plete set of addressing modes available on any 8-bit microprocessor today. 

The EF6809E has hardware and software features which make it an ideal 
processor for higher level language execution or standard controller applica- 
tions. External clock inputs are provided to allow synchronization with 
peripherals, systems, or other MPUs. 


EF6800 COMPATIBLE 
@ Hardware — Interfaces with All 6800 Peripherals 
@ Software — Upward Source Code Compatible Instruction Set and 


Addressing Modes 
ARCHITECTURAL FEATURES 
@ Two 16-Bit Index Registers ALSO AVAILABLE 
@ Two 16-Bit Indexable Stack Pointers J SUFFIX C SUFFIX 
@ Two 8-Bit Accumulators can be Concatenated to Form One 16-Bit CERDIP PACKAGE CERAMIC PACKAGE 

Accumulator 
@ Direct Page Register Allows Direct Addressing Throughout Memory 
HARDWARE FEATURES 
External Clock Inputs, E and Q, Allow Synchronization 
TSC Input Controls Internal Bus Buffers 
LIC Indicates Opcode Fetch Vy Bnei 
AVMA Allows Efficient Use of Common Resources in a Multiprocessor <A F | 
System 
BUSY is a Status Line for Multiprocessing 
Fast Interrupt Request Input Stacks Only Condition Code Register and 
Program Counter 
Interrupt Acknowledge Output Allows Vectoring By Devices 
Sync Acknowledge Output Allows for Synchronization to External Event 
Single Bus-Cycle RESET 
Single 5-Volt Supply Operation 
NMI Inhibited After RESET Until After First Load of Stack Pointer 
Early Address Valid Allows Use With Slower Memories 
Early Write Data for Dynamic Memories 
SOFTWARE FEATURES 
@ 10 Addressing Modes 

e 6800 Upward Compatible Addressing Modes 
Direct Addressing Anywhere in Memory Map 
Long Relative Branches 
Program Counter Relative 
True Indirect Addressing 
Expanded Indexed Addressing 
Q-, 5-, 8-, or 16-Bit Constant Offsets 
8- or 16-Bit Accumulator Offsets 
Auto-Increment/Decrement by 1 or 2 
Improved Stack Manipulation 
1464 Instruction with Unique Addressing Modes 
8 x 8 Unsigned Multiply 
16-Bit Arithmetic 
Transfer/Exchange All Registers 
Push/Pull Any Registers or Any Set of Registers 
Load Effective Address 
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MAXIMUM RATINGS 

Rating | 
Supply Voltage 
input Votiage | 


' Operating Temperature Range TL to TH 



































EF6809E, EF68A09E, EF68B09E 0 to +70 
EF6809E, EF68A09E, EF68B09E, V suffix -—40 to +85 
EF6809E, EF68A09E : M suffix —55 to +125 


Storage Temperature Range 





THERMAL CHARACTERISTICS 
Charecteriatic 


Thermal Resistance 
Ceramic 
Cerdip 
Plastic 
PLCC 





POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in-°C can be obtained from: 
TJ=TA+I(PDedJA) 
Where: 
TamAmbient Temperature, °C 
6 5A Package Thermal Resistance, Junction-to-Ambient, °C/W 
Pp = PINT +PPORT 
PINT#ICCx Vcc, Watts — Chip Internal Power 
PPpORT# Port Power Dissipation, Watts — User Determined 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high im- 
pedance circuit. 

Reliability of operation is enhanced if unus- 


‘ed inputs are tied to an appropriate logic 


voltage level (e.g., either Vss or VCC). 


(1) 


For most applications PPOoRT<PiNT and can be neglected. PPORT may become significant if the device is configured to 


drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if PPORT is neglected) is: 
Pp=K+(Ty + 273°C) 
Solving equations 1 and 2 for K gives: 
K=Ppe(Ta + 273°C) + 8yaePp2 


(2) 


(3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known Tg. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 


value of Ta. 


DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 V +5%, Vss=0 Vdc, Ta=Ty to TH unless otherwise noted) 


Symbol 
VIH 
VIHR 
VIHC 


Input Low Voltage ic, VIL 


VILC 
VILQ 


Input High Voltage 


input Leakage Current 
(Vin = 0 to 5.25 V, Vcc = max) 
dc Output High Voltage 


(Load = ~— 205 pA, Vcc D7 
(Load = — 145 nA, Voc A0-A15, R/W 


“Load = ~ 100 nA, Vcc BA, BS, LIC, AVMA, BUSY 


dc Output Low Voltage 
(ILoad = 2.0mA, Vcc = min) 


nternal Power Dissipation (Measured at Ta =0°C in Steady State Operation) 


Capacitance 
(Vin = 0, Ta = 25°C, f = 1.0 MHz) DO-D7, Logic Inputs, Q, RESET 
E 


AO-A15, R/W, BA, BS, 

LIC, AVMA, BUSY 

Frequency of Operation EF6809E 
(E and Q Inputs) EF68A09E 
EF68B09E 


Hi-Z (Off State) Input Current 
(Vin = 0.4 to 2.4 V, Vcc = max) AO-A15, R/W 


* Capacitances are periodically tested rather than 100% tested. 
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BUS TIMING CHARACTERISTICS (See Notes 1, 2, 3. and 4) 
Ident. 7 


Number Characteristics Symbo!l Min | Max} Min | Max | Min | Max | 
9500 
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Pulse Width, E Low 
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Pulse Width, Q High 
Delay Time, E to O Rise lEQ] 


7A Delay Time, Q High to E Rise 


E | 
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yn 
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Delay Time, E High to O Fall 
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Delay Time, Q High to E Fall 


=) 
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Address Hold Time tAH 


Address Delay Time from E Low (BA, BS, Ri W) LAD a eed 
oe 
eal 


=) 
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E 
oO 
E 
=) 
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E 
oO 
oO 
3 
n 


Read Data Setup Time 
Read Data Hold Time 


20 Data Delay Time from Q 
21 


Write Data Hold Time ba ea 
9 Usable Access Time LAC 695 


0 Control Delay Time 


Interrupts, HALT, RESET, and TSC Setup Time 
(Figures 6, 7, 8, 9, 12, and 13) 
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TSC Drive to Valid Logic Level (Figure 13) cc Pee 
TSC Release MOS Buffers to High Impedance (Figure 13) {TS | P= | 
TSC Hr-Z Delay Time (Figure 13) To ae eo 


=) 
n 


Processor Control Rise and Fall Time (Figure 7) 
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7 J/OiDi< n OS ol mee) 
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2) WM IHC 
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R/W, Address, —KAAAAAAAZ KA SV 
eam 006005666 Gl O00, 


© 
© © 
Read Data K aa ; 
— © 


Non-Muxed 


ot 
©) a 
ere XY OOK 
agree: (9) XXX Not Valid 


1 Voltage levels shown are V; $0.4 V, Viy72=2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2 0 V, unless otherwise specified 
3. Hold time { @) ) for BA and BS is not specified. 

4. Usable access time 1s computed by: 1—4- 11 max- 17 
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FIGURE 2 — EXPANDED BLOCK DIAGRAM 


A0-A15 
‘Ne * 
16 


x < Cc BS; 
| 


(2) 
oO 


: Internal Three-State Control 


FIGURE 3 — BUS TIMING TEST LOAD 


5.0 V 
1N4148 S$ RL=2.2 ka 
or Equiv. 
Test Point 
1N916 , 
or equiv. 





C=30 pF for BA, BS, LIC, AVMA, BUSY 
130 pF forD0-D7 
SO pF for A0-A15, R/W 


R = 11.7 kQ for D0-D7 os 
16.5 kQ for AO-A15, R/W 
24 kQ for BA, BS, LIC, AVMA, BUSY 


[x 


DO-07 


«—VCC 


Instruction 
Register 





RESET 
NMI 
interrupt FIRQ 
Control TRO 
LIC 
AVMA 
R/W 
TSC 
Bus HALT 
Control BA 
> BS 
» BUSY 
E 
Q 


PROGRAMMING MODEL 


As shown in Figure 4, the EF6809E adds three registers 
to the set available in the EF6800. The added registers in- 
clude a direct page register, the user stack pointer, and a 
second index register. 


ACCUMULATORS (A, B, D) 


The. A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
register, and is formed with the A register as the most signifi- 
cant byte. 


DIRECT PAGE REGISTER (DP) 


The direct page register of the EFG809E serves to enhan- 
ce the direct addressing mode. The content of this register 
appears at the higher address outputs (A8-A15) during direct 
addressing instruction execution. This allows the direct 
mode to be used at any place in memory, under program 
control. To ensure 6800 compatibility, all bits of this 
register are cleared during processor reset. 
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FIGURE 4 








7 


INDEX REGISTERS (X, Y) 

The index registers are used in indexed mode of address- 
ing. The 16-bit address in this register takes part in the cal- 
culation of effective addresses. This address may be used to 
point to data directly or may be modified by an optional con- 
stant or register offset. During some indexed modes, the 
contents of the index register are incremented and decre- 
mented to point to the next item of tabular type data. All four 
pointer registers (X, Y, U, S) may be used as index registers. 


STACK POINTER (U, S) 


The hardware stack pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The 
user stack pointer (U) is controlled exclusively by the pro- 
grammer. This allows arguments to be passed to and from 
subroutines with ease. The U register is frequently used as a 
stack marker. Both stack pointers have the same indexed 
mode addressing capabilities as the X and Y registers, but 
also support Push and Pull instructions. This allows the 
EF6809E to be usedefficiently as astack processor, greatly 
enhancing its ability to support higher level languages and 
modular programming. 


NOTE 


The stack pointers of the EF6809E point to the top of 
the stack in contrast to the EF6800 stack pointer, 
which pointed to the next free location on stack. 


PROGRAM COUNTER 

The program counter is used by the processor to point to 
the address of the next instruction to be executed by the pro- 
cessor. Relative addressing is provided allowing the program 
counter to be used like an index register in Some situations. 


CONDITION CODE REGISTER 


The condition code register defines the state of the pro- 
cessor at any given time. See Figure 4. 


eee 


0 
PBR ARE 
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- PROGRAMMING MODEL OF THE MICROPROCESS'!NG UNIT 






Pornter Registers 








Program Counter 


Accumulators 


Direct Page Register 


CC — Condition Code Register 


FIGURE 5 — CONDITION CODE REGISTER FORMAT 


Carry 
Overflow 
Zero 
Negative 
IRQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 





CONDITION CODE REGISTER 
‘DESCRIPTION 


BIT 0 (C) 


Bit O is the carry flag and is usually the carry from the 
binary ALU. C is also used to represent a “borrow” from 
subtract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 


BIT 1 (V) 

Bit 1 is the overflow flag and is set to a one by an operation 
which causes a signed twos complement arithmetic over- 
flow. This overflow is detected in an operation in which the 
carry from the MSB in the ALU does not match the carry 
from the MSB-1. 


BIT 2 (Z) 


Bit 2 is the zero flag and is set to a one if the result of the 
previous operation was identically zero. 


BIT 3 (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative twos complement result will leave N set to a one. 


BIT 4 (I) 

Bit 4 is the IRO mask bit. The processor will not recognize 
interrupts from the IRO line if this bit is set to a one. NMI, 
FIRO, IRQ, RESET, and SWI all set | to a one. SWI2 and 
SWI3 do not affect |. 








BIT 5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of 
this flag is undefined in all subtract-like instructions. 


BIT 6 (F) 

Bit 6 is the FIRQ mask bit. The processor will not 
recognize interrupts from the FIRQ line if this bit is a one. 
NMI, FIRQ, SWI, and RESET all set F to a one. IRO, SWI2, 
and SWI8 do not affect F. 








BIT 7 (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, 
as opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the condition code register represents past action. 


PIN DESCRIPTIONS 


POWER (Vss, Vcc) 
Two pins are used to supply power to the part: Vss is 
ground or 0 volts, while Vcc is +5.0 V +5%. 


ADDRESS BUS (A0-A15) 


Sixteen pins are used to output address information from 
the MPU onto the address bus. When the processor does 
not require the bus for a data transfer, it will output address 
FFFF16, R/W=1, and BS =0; this is a ‘‘dummy access” or 
VMA cycle. All address bus drivers are made high- 
impedance when output bus available (BA) is high or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LSTTL loads and 90 pF. 


DATA BUS (D0-D7) 
These eight pins provide communication with the system 


bidirectional data bus. Each pin will drive one Schottky TTL 
load or four LSTTL loads and 130 pF. 


READ/WRITE (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A low indicates that the MPU is writing data onto 
the data bus. R/W is made high impedance when BA is high 
or when TSC is asserted. 


RESET 


A low level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 6. The 
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reset vectors are fetched from locations FFFE16 and FFFF 16 
(Table 1) when interrupt acknowledge is true, (BA®BS = 1). 
During initial power on, the reset line should be held low until 
‘the clock input signals are fully operational. 

Because the EF6809E RESET pin has a Schmitt-trigger 
input with a threshold voltage higher than that of standard 
peripherals, a simple R/C network may be used to reset the 
entire system. This higher threshold voltage ensures that all 
peripherals are out of the reset state before the processor. 





HALT 

A low level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain 
halted indefinitely without loss of data. When halted, the BA 
output iS driven high indicating the buses are high tm- 
pedance. BS |s also high which indicates the processor Is in 
the halt state. While halted, the MPU _will not respond to ex- 
ternal real-time requests (FIRO, IRQ) although NMI or 
RESET will be latched for later response. During the halt 
State, Q and E should continue to run- normally. A halted 
state (BA®*BS=1) can be achieved by pulling HALT low 
while RESET is still low. See Figure 7. 








BUS AVAILABLE, BUS STATUS (BA, BS) 

The bus available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BA goes low, a dead cycle will elapse 
before the MPU acquires the bus. BA will not be asserted 
when TSC is active, thus allowing dead cycle consistency. 

The bus status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 


MPU State MPU State Definition 
| BA | BS 


0 Normal (Running) 
0 
1 
1 












Interrupt or Reset Acknowledge 
Sync Acknowledge 
Halt Acknowledge 







0 
1 
0 
1 





Interrupt Acknowledge is indicated during both cycles of a 
hardware vector fetch (RESET, NMI, FIRQ, IRO, SWi, 
SWI2, SWI3). This signal, plus decoding of the lower four 
address lines, can provide the user with an indication of 
which interrupt level is being serviced and allow vectoring by 
device. See Table 1. 





TABLE 1 — MEMORY MAP FOR INTERRUPT VECTORS 


interrupt Vector 
Description 


RESET 
‘NMI 
SWI 
iRG 
FIRQ 
SW12 
SWI3 
Reserved 







Memory Map For 
Vector Locations 


| MS | ts 
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FIGURE 6 — RESET TIMING 


mo oom+t [m+2 > m+3; m+4 > m+5!m+6 | m+7 | ion | n+] ! n+2) n+3 n+4 | n+5 | nt+6 | n+7 +8 














coven | | 
RESET ae | a 
tees] =P SE tPCS 


| 


SFFFE SFFFE SFFFE SFFFE $FFFE $FFFF $FFFF New PCNew PC+1 SFFFE SFFFE SFFFE $FFFE SFRFE SFFFF SFFFF New PC 





Data 





New PCy New PC, VMA 1st Opcode New PCH New PC, VMA 


eM rr a ee ee 
BUSY \\ / \ ‘ Si) ae ON Oe ee ae aoe a 
a ae ee ar 





NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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FIGURE 7 — HALT AND SINGLE INSTRUCTION EXECUTION TIMING FOR SYSTEM DEBUG 


2nd to Last Last Cycle 
Cycle of of : 
Current Current Dead Dead Instruction Instruction Dead 


| Inst. | inst. | Cycle | Halted | Cycle | Fetch ae Cycie | Halted 


HALT 


Address 
Bus 





Fetch Execute 


eS A) CEES RS See Eo ce, ee 
IIE ee ana, SO als 


.. ; ay X X ) ) X 
Bus . 

Instruction 

Opcode 


AVMA Y y \ / \ 
LIC j ___/ 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt Acknowledge is indicated when the EF6809E isina 
halt condition. 


NON MASKABLE INTERRUPT (NMI) * 


A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibited by the program and also has a 
higher priority than FIRQ, |RQ, or software interrupts. Dur- 
ing recognition of an NMI, the entire machine state is saved 
on the hardware stack. After reset, an NMI will not be recog- 
nized until the first program load of the hardware stack 
pointer (S). The pulse width of NMI low must be at least one 
E cycle. If the NMI input does not meet the minimum set up 
with respect to Q, the interrupt will not be recognized until 
the next cycle. See Figure 8. 





FAST-INTERRUPT REQUEST (FIRQ)” 


A low ievel on this input pin will initiate a fast interrupt se- 
quence, provided its mask bit (F) in the CC is ciear. This se- 
quence has priority over the standard interrupt request (IRQ) 
and is fast in the sense that it stacks only the contents of the 
condition code register and the program counter. The inter- 
rupt service routine should clear the source of the interrupt 
before doing an RTI. See Figure 9. 


INTERRUPT REQUEST (iRQ)” 

A low level input on this pin will initiate an interrupt re- 
quest sequence provided the mask bit (I):in the CC is clear. 
Since IRQ stacks the entire machine state, it provides a 
slower response to interrupts than FIRQ. [RO also has a 
lower priority than FIRQ. Again, the interrupt service routine 
should clear the source of the interrupt before doing an RTI. 
See Figure 8. 








CLOCK INPUTS E, Q 


E and O are the clock signals required by the EF6809E. Q 
must lead E; that is, a transition on QO must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, tap after the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 
While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires a high level 
above normal TTL levels. This approach minimizes clock 
skew inherent with an internal buffer. Refer to BUS TIMING 
CHARACTERISTICS for E and Q and to Figure 10 which 
shows a simple clock generator for the EF6809E. 


BUSY 

BUSY will be high for the read and modify cycles of a 
read-modify-write instruction and during the access of the 
first byte of a double-byte operation (e.g., LDX, STD, 
ADDD). BUSY is also high during the first byte of any in- 
direct or other vector fetch (e.g., jump extended, SWI in- 
direct, etc.). 

In a multiprocessor system, BUSY. indicates the need to 


defer the rearbitration of the next bus cycle to insure the in- 
tegrity of the above operations. This difference provides the 
indivisible memory access required for a ‘‘test-and-set’ 
primitive, using any one of several read-modify-write instruc- 
tions. 

BUSY does not become active during PSH or PUL opera- 
tions. A typical read-modify-write instruction (ASL) is shown 
in Figure 11. Timing information is given in Figure 12. BUSY 
is valid tcp after the rising edge of Q. 


AVMA 

AVMA is the advanced VMA signal and indicates that the 
MPU will use the bus in the following bus cycle. The predic- 
tive nature of the AVMA signal allows efficient shared-bus 
multiprocessor systems. AVMA is low when the MPU is in 
either a HALT or SYNC state. AVMA is valid tcp after the 
rising edge of Q. 


LIC 

LIC (last instruction cycle) is high during the last cycle of 
every instruction, and its transition from high to low will indi- 
cate that the first byte of an opcode will be latched at the end 
of the present bus cycle. LIC will be high when the MPU ts 
halted at the end of an instruction (i.e., not in CWAI or 
RESET), in sync state, or while stacking during interrupts. 
LIC is valid tcp after the rising edge of Q. 





TSC 

TSC (three-state control) will cause MOS address, data, 
and R/W buffers to assume a high-impedance state. The 
control signals (BA, BS, BUSY, AVMA, and LIC) will not go 
to the high-impedance state. TSC is intended to allow a 
single bus to be shared with other bus masters (processors 
or DMA controllers). 

While E is low, TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are in 
a high-impedance state until Q rises at which time, if TSC is 
true, they will remain in a high-impedance state. If TSC is 
held beyond the rising edge of E, then it will be internally 
latched, keeping the bus drivers in a high-impedance state 
for the remainder of the bus cycle. See Figure 13. 


MPU OPERATION 


During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. 
This sequence begins after RESET and is repeated indefinite- 
ly unless altered by a special instruction or hardware occur- 
rence. Software instructions that alter normal MPU opera- 
tion are: SWI, SWI2, SWI3, CWAI, RTI, and SYNC. An 
interrupt or HALT input can also alter the normal execution 
of instructions. Figure 14 is the flowchart for the EF6809E. 








. NMI, FIRO, and [RO requests are sampled on the falling edge of Q. One cycle is required for synchronization before these interrupts are recog- 
nized. the pending interrupts) will not be serviced until completion of the current instruction unless a SYNC or CWAl condition is present. If 


{RQ and 


do not remain low until completion of the current instruction, they may not be recognized. However, NMi is latched and need 


only remain low for one cycle. No interrupts are recognized or latched between the falling edge of RESET and the rising edge of BS indicating 
RESET acknowledge. See RESET sequence in the MPU flowchart in Figure 14. 
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FIGURE 8 — IRQ AND NMI INTERRUPT TIMING 


Last Cycle 

of Current Instruction 

Instruction Interrupt Stacking and Vector Fetch Sequence Fetch 
[|m-2|m-1{ m_ [m+1 | m+2]m+3] m+4]m+5 | m+6 | m+7 | m+8| m+9 [m+ 10] m+ 11]m+ 12]m+ 13 ;m+ 14 [m+ 15|/m+ 16]m+17/[m+18] on | n+ | 


esi Ly ee ee es ee eS ee ae eth ee ak oe dee ad cal Me we a ed es 
Ce tel cee a Lal rae teal ee es ee ee el beh LL Ee aa 





Address 
Bus PC PC FFFF SP—1 SP-—2 SP-~3 SP-4 SP-5 SP-6 SP-7 SP-8 SP-9SP-10SP-—11SP—12 FFFF FEFC FFFD FFFF New New 
{PCS (NMI) (NMI) PC PC+1 
TRO or 7 FFF9 
NMi 
Data 


— 


VMA PCL PCH USL USH IYL IYH IXL XH DP ACCB ACCA CCR VMA New New VMA 
PCH PCL 


OSL-t 


. E clock shown for reference only. 
NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, uniess otherwise noted. 
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FIGURE 9 — FIROQ INTERRUPT TIMING 


Last Cycle 
of Current Instruction 
Instruction Interrupt Stacking and Vector Fetch Sequence Fetch 
m—2 m-1 m m+1 m+2 m+3 m+4 m+5 m+6 m+7 m+8 m+ 9 n+1 n+ 
| | | | | | | | | | | | 


22 ee eS ee eee ee eee ee ee ee 
Pio ee Sey ee egy a Wee dea ee Wee ey Weir ae ae dad 


Address 

Bus 

PC PC FFFF SP-1 SP-2 SP-3 SFFFF $FFF6 SFFF7 SFFFF New PC New PC +1 
tPCS 
FIRO 
ViL 
Data 
VMA PCL PCH CCR VMA New PCH New PCL VMA 


A CD a 
BA X x 
BS X X / \ 
BUSY " / \ { 
( sata iia eae ee eae. “ae 
TOOT TALL LLL 


. E clock shown for reference only. 
NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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FIGURE 10 — CLOCK GENERATOR 
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MRDY oo 


_” QO to System and Processor 


O 
+5V 


J f NOTE: If optional circuit is not included the CLR and PRE 
ees, inputs of U2 and U3 must be tied high. 
- ae 

om} 


FIGURE 11 — READ-MODIFY-WRITE INSTRUCTION EXAMPLE (ASL EXTENDED INDIRECT) 


Memory Memory 
Location Contents Contents Description 





PC —> $0200 $68 ASL Indexed Opcode 
Extended Indirect Postbyte 
Indirect Address Hi-Byte 


$0203 a Indirect Address Lo-Byte 
ae 


Next Main Instruction 


$6300 Effective Address Hi-Byte 
$6301 $06 Effective Address Lo-Byte 
$E306 $6C Target Data 
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€9b-b 


pena FIGURE 12 — BUSY TIMING 


| m-1 | m | m+1 | m+2 | m+3 | m+4 | m+5 | m+6 | m+7 | m+8 | m+9 | m+ 10 | n | 


Address 
$0200 $0201 $0202 $0203 SFFFF $6300 $6301 SFFFF $E3D6 SFFFF $E3D6 $0204 
Data a es ee Ge Tee Cee Goes Bere Rane Geen ees Pepe 
$68 $9OF $63 $00 VMA $E3 $D6 VMA $5C VMA $88 


FO a ee ee 
BUSY \ eer Ee eee eee $$$ 
LIC / \ eed SS 
ac a re AR a OP a pe cr ces a um Pe ce 


FIGURE 13 — TSC TIMING 


TSC 


R/W, Address 





—» be tDDW le-tTSV 


a Note 1 Ps 


NOTES: 
1. Data will be asserted by the MPU only during the interval while R/W is low and (E or Q) is high. A composite bus cycle is shown to give most cases of 
timing. 
2. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


VOL-L 


FIGURE 14 ~ FLOWCHART FOR EF6809E INSTRUCTIONS 







O--DPR 
1-F I 
1-R'W 
Cir NMi 
Logic 
Disarm NMi 


NOTES: 1. Asserting RESET will result in entering the reset 
sequence from any point in the flowchart. 
2. BUSY is high during first vector fetch cycle. 
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ADDRESSING MODES 


The basic instructions of any computer are greatly en- 
hanced by the presence of powerful addressing modes. The 
EF6809E has the most complete set of addressing modes 
‘available on any microcomputer today. For example, the 
EF6809E has 59 basic instructions; however, it recognizes 
1464 different variations of instructions and addressing 
modes. The addressing modes support modern program- 
ming techniques. The following addressing modes are avail- 
able on the EF6809E : 

Inherent (Includes Accumulator) 

Immediate 


Extended 
Extended Indirect 
Direct 
Register 
Indexed 
Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 
Indexed Indirect 
Relative 
Short/Long Relative Branching 
Program Counter Relative Addressing 


INHERENT (INCLUDES ACCUMULATOR) 


In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
inherent addressing are: ABX, DAA, SWI, ASRA, and 
CLRB. 


IMMEDIATE ADDRESSING 

In immediate addressing, the effective address of the data 
is the location immediately following the opcode (i.e., the 
data to be used in the instruction immediately following the 
opcode of the instruction). The EF6809E uses both 8- and 
16-bit immediate values depending on the size of argument 
specified by the opcode. Examples of instructions with im- 
mediate addressing are: 


LDA = #§20 
LDX — #$FOOO 
LDY #CAT 


NOTE 


# signifies immediate addressing; $ signifies hexadeci- 
mal value to the EF6809 assembler. 


EXTENDED ADDRESSING 


In extended addressing, the contents of the two bytes 
immediately following the opcode fully specify the 16-bit 
effective address used by the instruction. Note that the 
address generated by an extended instruction defines an 
absolute address and is not position independent. Examples 
of extended addressing include: 


LDA CAT 
STX MOUSE 
LDD =$2000 
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EXTENDED INDIRECT 


As a special case of indexed addressing (discussed 
below), one level of indirection may be added to extended 
addressing. In extended indirect, the two bytes following the 
postbyte of an indexed instruction contain the address of the 
data. 


LDA [CAT] 
LDX = [SFFFE] 
STU [DOG] 


DIRECT ADDRESSING 


Direct addressing Is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower eight bits of the address to be used. The 
upper eight bits of the address are supplied by the direct 
page register. Since only one byte of address is required in 
direct addressing, this mode requires less memory and exe- 
cutes faster than extended addressing. Of course, only 256 
locations (one page) can be accessed without redefining the 
contents of the DP register. Since the DP register is set to 
SOO on reset, direct addressing on the EF6809E is upward 
compatible with direct addressing on the 6800. Indirection 
is not allowed in direct addressing. Some examples of direct 
addressing are: 


LDA where DP=$00 


LDB where DP= $10 
LDD <CAT 
NOTE 
< iS an assembler directive which forces direct 
addressing. 


REGISTER ADDRESSING 


Some opcodes are followed by a byte that defines a 
register or set of registers to be used by the instruction. This 
is called a postbyte. Some examples of register addressing 
are: 


TFR X,Y Transfers X into Y 

EXG A, B Exchanges A with B 

PSHS A, B, X, Y Push Y, X, B and A onto S 
Stack 

PULU » tae aren B Pull D, X, and Y from U 
stack 


INDEXED ADDRESSING 


In all indexed addressing, one of the pointer registers (X, 
Y,U,S, and sometimes PC) is used in a calculation of the ef- 
fective address of the operand to be used by the instruction. 
Five basic types of indexing are available and are discussed 
below. The postbyte of an indexed instruction specifies the 
basic type and variation of the addressing mode, as well as 
the pointer register to be used. Figure 15 lists the legal for- 
mats for the postbyte. Table 2 gives the assembler form and: 
the number of cycles and bytes added to the basic values for 
indexed addressing for each variation. 


FIGURE 15 — INDEXED ADDRESSING POSTBYTE 
REGISTER BIT ASSIGNMENTS 


‘ ‘ indexed 
-Byte Register Bit : 
Addressing 
eT] cae 
iR+ 






Z 






EA = ,R + 5 Bit Offset 
EA = ,R +0 Offset 










ie 
ei 

CER Race SH 
To Tea =A + ACCA Offset 
Fo £A = A +8 Bit Onset | 
1] EA = R +16 Bit Offset | 
1] A= +0 Offset 
Co EA = PC +8 Bit Offeat 
TEA = PC + 16 Bit Ofer” 
[i €A = (Address) 


INN yy Ee” 
| es nara Mode Field 
Indirect Field 


(Sign Bit when b7 = 0) 


oS 








Register Field: RR 
00 = 


x = Don’t Care 01= Y 
d= Offset Bit 10 = U 
| _ O= Not Indirect W=S 
~ 1=Indirect 


ZERO-OFFSET INDEXED — In this mode, the selected 
pointer register contains the effective address of the data to 
be used by the instruction. This is the fastest indexing mode. 

Examples are: 

LDD O,X 
LDA ,S 


CONSTANT OFFSET INDEXED — In this mode, twos 
complement offset and the contents of one of the pointer 
registers are added to form the effective address of the 
operand. The pointer register’s initial content is unchanged 
by the addition. 

Three sizes of offset are available: 

5-bit (-— 16 to + 15) 
8-bit (— 128 to + 127) 
16-bit (— 32768 to + 32767) 


The twos complement 5-bit offset is included in the post- 
byte and, therefore, is most efficient in use of bytes and 
cycles. The twos complement 8-bit offset is contained in a 
single byte following the postbyte. The twos complement 
16-bit offset is in the two bytes following the postbyte. In 
most cases the programmer need not be concerned with the 
size of this offset since the assembler will select the optimal 
size automatically. 

Examples of constant-offset indexing are: 


LDA 23,X 
LDX -2,S 
LDY 300,X 
LDU CAT,Y 


TABLE 2 — INDEXED ADDRESSING MODE 




























[__Nonindiect <4 ——=SCSCtndrect id 
| ee ee 
Form Opcode | ~| # Form Opcode | ~|# 
Constant Offset From R | No Offset === | RS RROOIOD | O|o | LR) | iRRi0100 | 3 10 | 
(2s Complement Offsets) | _6-BitOffset__——|_ on Ri ORRonnnn | 110 |  defaultstoS-bit_ 
| ssitoffset | ns RT tro1o00 | 1{1 | nmi | tartiooo [| 4] i 
| W6BitOffset | mR] WRROVOON | 4/2 | in, R)_ | 1RRI1001 | 7 [2 | 
Accumulator Offset From R | A Register Offset S| A, Rs | IRROOMIO | 11/0 | {ARI | IRRIO1I0 | 4] 0 
(25 Complement Offsets) |B Register Offset____| __8.R | _1ando101 | 1[0 | 18, A) | 1Aaio101_| ao) 
[Register Offset | D,A | immo | 4fo | t0,al__| sermon | 7[o, 
ato Inerement/Deorement A | Increment By? | A+ | tAR00000 | 2/0 | _rotalowed 
increment By2—+| ++ | 1Anooor | 3fo | GAy+) | iAATOOo | 6]0, 
| Decrement By? | Ss -R_ |= TRROOOIO | 2/0 | __—notaliowed 
Decrement By 2 | ,--R | 1RROGON] | 3}0 | L--RI | 1RR10011 | 6| 
Constant Offset From PC = | 8-BitOffset_ = | em PCR] txx01100_ | 1/1 | fn, PCR) | txxi1100_| 41 
(2s Complement Offsets) _—|_16-BitOffset_ | on, PCR] txxit01_ | 5/2 | fn, PCR) | txxttto1_ | 8 
[Extended Indirect | 16-Bit Address | = TJ tnt Stott 85 | 





R= X,Y, Uors RR: 
x = Don’t Care 00 =X 
01=Y 
10=U 
11=S 
+ 


~and ' indicate the number of additional cycles and bytes respectively for the particular indexing variation. 
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ACCUMULATOR-OFFSET INDEXED This mode is 
similar to constant offset indexed except that the twos com- 
plement value in one of the accumulators (A, B, or D) and 
the contents of one of the pointer registers are added to form 
the effective address of the operand. The contents of both 
the accumulator and the pointer register are unchanged by 
the addition. The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required. The ad- 
vantage of an accumulator offset is that the value of the off- 
set can be calculated by a program at run-time. 

Some examples are: 


LDA 8B, Y 
LDX D,Y 
LEAX B, X 


AUTO INCREMENT/DECREMENT INDEXED — In the 
auto increment addressing mode, the pointer register con- 
tains the address of the operand. Then, after the pointer 
register is used, it is incremented by one or two. This ad- 
dressing mode is useful in stepping through tables, moving 
data, or creating software stacks. In auto decrement, the 
pointer register is decremented prior to use as the address of 
the data. The use of auto decrement is similar to that of auto 
increment, but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The 
pre-decrement, post-increment nature of these modes 
allows them to be used to create additional software stacks 
that behave identically to the U and S stacks. 

Some examples of the auto increment/decrement 
addressing modes are: 


LDA ,X+ 
STD ,Y++ 
LOB ,-Y 
LOX ,--S 


Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX 0,X + + (X initialized to 0) 
The desired result is to store a zero in locations $0000 and 
$0001, then increment X to point to $0002. In reality, the fol- 
lowing occurs: 


O-—> temp calculate the EA; temp is a holding register 
X+2-—~X perform auto increment 
X — (temp) do store operation 


INDEXED INDIRECT 
All of the indexing modes, with the exception of auto in- 
crement/decrement by one or a + 5-bit offset, may have an 
additional level of indirection specified. In indirect address- 
ing, the effective address is contained at the location 
specified by the contents of the index register plus any off- 
set. In the example below, the A accumulator is loaded in- 
directly using an effective address calculated from the index 
register and an offset. 
Before Execution 
A= XX (don't care) 
X = $FO00 
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$0100 LDA [$10,X] EA is now $F010 
$FO1O0 3 $F1 $F150 is now the 
$F011 $50 new EA 

$F150 SAA 


After Execution 
A= SAA (actual data loaded) 
X = $FO00 


All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 


1 indirect). Some examples of indexed indirect are: 
LDA [,X] 
LDD: §[10;S] 
LDA [B,Y] 
LDD [,X+ +] 


RELATIVE ADDRESSING 

The byte(s) following the branch opcode is (are) treated as 
a signed offset which may be added to the program counter. 
If the branch condition is true, then the calculated address 
(PC + signed offset) is loaded into the program counter. 
Program execution continues at the new location as indi- 
cated by the PC; short (one byte offset) and long (two bytes 
offset) relative addressing modes are available. All of 
memory can be reached in long relative addressing as an ef- 
fective address interpreted modulo 216, Some examples of 
relative addressing are: . 


BEQ CAT (short) 
BGT DOG (short) 
CAT LBEQ RAT (long) 
DOG LBGT RABBIT (long) 
e 
e 
e 
RAT NOP 
RABBIT NOP 


PROGRAM COUNTER RELATIVE 


The PC can be used as the pointer register with 8- or 16-bit 
signed offsets. As in relative addressing, the offset is added 
to the current PC to create the effective address. The effec- 
tive address is then used as the address of the operand or 
data. Program counter relative addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the program counter. 
Examples are: 

LDA CAT, PCR 
LEAX TABLE, PCR 


Since program counter relative is a type of indexing, an 
additional level of indirection is available. 


LDA [CAT, PCR] 
LDU [DOG, PCR] 


INSTRUCTION SET 


The instruction set of the EF6809E is similar to that of Transfer/Exchange Postbyte 
the EF6800 and is upward compatible at the source code le- S 
vel. The number of opcodes has been reduced from 72 to | [source] ea 
59, but because of the expanded architecture and additional Register Field 
addressing modes, the number of available opcodes (with 0000 = D (A:B) 1000=A 
different addressing modes) has risen from 197 to 1464. 0001 = X 1001=B 

Some of the new instructions are described in detail 0010=Y 1010=CCR 
below. 0011=U 1011= DPR 
0100=S 
0101=PC 
PSHU/PSHS | NOTE 
The push instructions have the capability of pushing onto All other combinations are undefined and INVALID. 
either the hardware stack (S) or user stack (U) any single LEAX/LEAY/LEAU/LEAS 


register or set of registers with a single instruction. : 
q The LEA (load effective address) works by calculating the 


effective address used in an indexed instruction and stores 
PULU/PULS that address value, rather than the data at that address, ina 
pointer register. This makes all the features of the internal 
addressing hardware available to the programmer. Some of 
the implications of this instruction are illustrated in Table 3. 


The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or 


registers are to be pushed or pulled. The actual push/ pull se- pe ee sie Sai aa eras aua inate 
quence is fixed; each bit defines a unique register to push or p p ; a 


pull, as shown below. LEAX MSG1, PCR 
LBSR = PDATA (Print message routine) 


Push/Pull Postbyte Stacking Order * 
Pull Order MSG1 FCC ‘MESSAGE’ 
| This sample program prints: ‘MESSAGE’. By writing 
CCR cc MSG1, PCR, the assembler computes the distance between 
A A the present address and MSG1. This result is placed as a 
B B constant into the LEAX instruction which will be indexed 
DPR DP from the PC value at the time of execution. No matter where 
X X Hi the code is located when it is executed, the computed offset 
Y & Eo from the PC will put the absolute address of MSG1 into the X 
S/U aad pointer register. This code is totally position independent. 
PC 10 The LEA instructions are very powerful and use an int | 
U/S Hi y powerful and use an interna 
U/S Lo holding register (temp). Care must be exercised when using 
PC Hi the LEA instructions with the auto increment and auto 
PC Lo decrement addressing modes due to the sequence of internal 
operations. The LEA internal sequence is outlined as follows: 
Push Order LEAa ,b+ (any of the 16-bit pointer registers X, Y, 
U, or S may be substituted for a and b.) 
Increasing 1. b—temp (calculate the EA) 
Memory . : 
2. b+1~b (modify b, postincrement) 
3. temp— a (load a) 
TFR/EXG 
Within the EF6809E, any register may be transferred to LEAa ,—b 
or exchanged with another of like size; i.e., 8-bit to 8-bit or ( EA wi 
16-bit to 16-bit. Bits 4-7 of postbyte define the source LDC temp chCaleulatece with: prececrement] 
register, while bits 0-3 represent the destination register. 2. b-1—b (modify b, predecrement) 
These are denoted as follows: 3. temp— a (load a) 


TABLE 3 — LEA EXAMPLES 
[Instruction | Operation | === Comment 
LEAX 10, X Adds 5-Bit Constant 10 to X 
LEAX 500, X Adds 16-Bit Constant 500 to X 
LEAY A,Y Adds 8-Bit A Accumulator to Y 
LEAY 0D,Y Adds 16-Bit D Accumulator to Y 
LEAU — 10, U Substracts 10 from U 
LEAS -—10,S Used to Reserve Area on Stack 
LEAS 10,S Used to ‘Clean Up’ Stack 
LEAX 5,5 Transfers As Well As Adds 
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Auto increment-by-two and auto decrement-by-two instruc- 
tions work similarly. Note that LEAX ,X+ does not change 
X; however LEAX, ~— X does decrement X.LEAX 1,X should 
be used to increment X by one. 


MUL 


Multiplies the unsigned binary numbers in the A and B ac- 
cumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple 
precision multiplications. 


LONG AND SHORT RELATIVE BRANCHES 


The EF6809E has the capability of program counter 
relative branching throughout the entire memory map. In 
this mode, if the branch is to be taken, the 8- or 16-bit signed 
offset is added to the value of the program counter to be 
used as the effective address. This allows the program to 
branch anywhere in the 64K memory map. Position indepen- 
dent code can be easily generated through the use of relative 
branching. Both short (8 bit) and long (16 bit) branches are 
available. 


SYNC 


After encountering a sync instruction, the MPU enters a 
sync state, stops processing instructions, and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable (FIRQ, {RQ) with its mask bit (F or !) clear, the pro- 
cessor will clear the sync state and perform the normal inter- 
rupt stacking and service routine. Since FIRQ and IRO are 
not edge-triggered, a low level with a minimum. duration of 
three bus cycles is required to assure that the interrupt will 
be taken. If the pending interrupt is maskable (FIRQ, IRQ) 
with its mask bit (F or !) set, the processor will clear the sync 
state and continue processing by executing the next in-line 
instruction. Figure 16 depicts sync timing. 








SOFTWARE INTERRUPTS 


A software interrupt is an instruction which will cause an 
interrupt and its associated vector fetch. These software in- 
terrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and soft- 
ware development systems. Three levels of SWI are available 
on this EF6809E and are prioritized in the following order: 
SWI, SW12, SWI3. 


16-BIT OPERATION 

The EF6809E has the capability of processing 16-bit 
data. These instructions include loads, stores, compares, 
adds, subtracts, transfers, exchanges, pushes, and pulls. 


CYCLE-BY-CYCLE OPERATION 


The address bus cycle-by-cycle performance chart (Figure 
16) illustrates the memory-access sequence corresponding 
to each possible instruction and addressing mode in the 
EF6809E. Each instruction begins with an opcode fetch. 
While that opcode is being internally decoded, the next pro- 
gram byte is always fetched. (Most instructions will use the 
next byte, so this technique considerably speeds through- 
put.) Next, the operation of each opcode will follow the 
flowchart. VMA ts an indication of FFFF16 on the address 
bus, R/W=1 and BS=0. The following examples illustrate 
the use of the chart. 
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Example 1: LBSR (Branch Taken) 
Before Execution SP = F000 


$8000 CAT 


$ A000 CAT 


CYCLE-BY-CYCLE FLOW 




















1 8000 17 1 |JOpcode Fetch 

20 ] |Offset High Byte 

00 1 |Offset Low Byte 

? 1 |VMA Cycle 

° 1 |VMA Cycle 

i 1. [Computed Branch Address 

ms 1 |VMA Cycle 

80 Q {Stack High Order Byte of 
Return Address 

03 Q {Stack Low Order Byte of 
Return Address 





Example 2: DEC (Extended) 
$8000 DEC $ A000 
$AQ000 FCB $80 


CYCLE-BY-CYCLE FLOW 


[eye #[ Adcress | Date [R/W]Descrption ___—_—| 
] 8000 7A Opcode Fetch 

Operand Address, High Byte 

Operand Address, Low Byte 

VMA Cycle 

Read the Data 

VMA Cycle 

Store the Decremented Data] 












*The data bus has the data at that particular address. 


INSTRUCTION SET TABLES 


The instructions of the EF6809E have been broken 
down into five different categories. They are as follows: 

8-bit operation (Table 4) 

16-bit operation (Table 5) 

Index register/stack pointer instructions (Table 6) 

Relative branches (long or short) (Table 7) 

Miscellaneous instructions (Table 8) 

Hexadecimal values for the instructions are given in 
Table 9. 


PROGRAMMING AID 


Figure 18 contains a compilation of data that will assist 
you in programming the EF6809E. 


OLL-1 


FIGURE 16 — SYNC TIMING 


Last Cycle Sync Last Cycle 

of Previous Opcode of Sync 
: Sync Ack 

Instruction, Fetch Execute 44 7 nOWietee Instruction 


Q 3 
nates XY} ! Geen X 





NOTES: 1. if the associated mask bit is set when the interrupt is requested, LIC will go low and this cycle will be an instruction fetch from address 
location PC + 1. However, if the interrupt is accepted (NMI or an unmasked FIRO or IRQ) LIC will remain high and interrupt processing 
will start with this cycle as m on Figures 8 and 9 (Interrupt Timing). 

2. If mask bits are clear, RO and FIRO must be held low for three cycles to guarantee that interrupt will be taken, although only one cycle 
is necessary to bring the processor out of SYNC. 
3. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


FIGURE 17 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 1 of 9) 


Relative Addressing | 
Mode 
























ERGT CONE LBHS TELE 

EERO CERES ERE TE —— , 

COM SENECERAES 

LBRA EBRN: BSR. 

CauesiBUR: 

Take 

Branch? 

NOTES: 


1. Each state shows: 


Offset High 
NNNN + 1(2) 


2. Address NNNN is location of opcode. 






Data Bus 


Address Bus 





3. If opcode is a two byte opcode subsequent 
addresses are in parenthesis (—). 


4. Two-byte opcodes are highlighted. 


BCC, BCS, BEQ; BGE,. BGT, BRI, 
BHS, BLE, BLD, BLS, BLT, BMI, 
BNE, BPL, BRA, BRN, 
BSR, BVC, BVS 


Opcode Fetch 
NNNN 






Yes 





Opcode = 
10 or 11? 






Opcode, 2nd Byte 
NNNN + 1 












2nd Byte= 
10 or 11? 








NNNN + 1 


FFFF 


Yes 
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Sub. Dest Addr 


FFFF 


Return Addr Low 


Return Addr High 


om es 


Don't Care 





FIGURE 17 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 2 of 9) 


Inherent Addressing Mode 





































ASLA/B SWI SUMER: 
ASRA/B SAAS: 


COMA/B : 
NNNN + 1 DAA NNNN + 1 NNNN + 1(2) 


DECA/B 
INCA/B 


ABX 





oe3 
= 
5) 


NNNN +1 


FFFF LSRA/B FFFE FFFF 
NEGA/B | 


NOP 
RORA/B Don't Care PC Low 
SEX FFFF Stack 


TSTA/B 


FEFF : NNNN + 1 EPEE Stack 


FFFF Stack 


FFFF Stack 


| FFFF Stack 


FFFF Stack 


FFFF Stack 


| FFEF Stack 
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Direct Page 
Register 


Stack 


B Register 
Stack 


A Register 
Stack 


Condition 
Code Register 


Stack 


Don't Care 
FFFF 


Interrupt 
Vector High 


FFFX 


Interrupt 
Vector Low 


FFFX + } 


Don't Care 
FFFF 


4 


FIGURE 17 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 3 of 9) 
CWAI YY) 


Code Register 


Inherent Addressing Mode 






















NNNN + 1 
a 








Don't Care 
Don't Care 
Interrupt FFFF 
Present? 





Interrupt 
Present? 






PC Low 


Yes 


Yes 
Stack 
Interrupt 


Direct Page 
Register 


X Register High 


X Register Low 


Y Register High 


Y Register Low 


User Stack High 


User Stack Low 


PC High 


PC High 


Vector High 
FFFX 


Stack 


Interrupt 
Vector Low 


FFFX +1 


User Stack Low 


Stack 


Don't Care 


FFFF 


User Stack High 


Stack 


Y Register Low 


Stack 


Y Register High 
Stack 


xX Register Low 
Stack 


X Register High 
Stack 


Direct Page 
Register 


Stack 


B Register 
Stack 


A Register 


Stack 
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FIGURE 17 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 4 of 9) 


Immediate Addressing Mode 


YY 


PULU PSHU 
PULS PSHS 


Post Byte 
NNNN + 1 


Post Byte 
NNNN + 1 














Don't Care 


FFFF 


Don't Care 


FFEF X Register High 
Tse 
Don't Care 


FFFF X Register Low 


Don't Care ° 


FFFF 


Don’t Care 


Stack 











Condition 
Code Register 


Stack 


Y Register High 


Y Register Low 


Stack 


U/S Stack 
Pointer High 


U/S Stack 
Pointer Low 


U/S Stack 
Pointer Low 


Stack 


U/S Stack 
Pointer High 









A Register 





Post Byte * 





Post Byt 
Bi 5 
Set? 


No 











Direct Page 
Register 


Condition 
Code Register 


Stack 


Y Register High 
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FIGURE 17 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 5 of 9) 


Immediate Addressing Mode Direct Extended 
Addressing Addressing 
Mode Mode 


All Instructions 
| PostByte | PSHU, NNNN + 1(2) NNNN + 1(2) 
PSHS, 


NNNN + 1 PULS, 
an ; 


FFFF 


cree 
FFFF 


FFFF 


FFFF 


FFFF 


FFFF 








TFR 


NNNN + 1 


FFFF 


FFFF 


FFFF 


FFFF 
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FIGURE 17 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 6 of 9) 


Indexed Addressing Mode 


NNNN + (2) 


16-Bit Offset 
From R 


Offset High 
NNNN + 2(3) 


Offset Low 
NNNNWN 4 3(4) 


NNNN + 4(5) 


FFFF 


FFFF 


ay 


A/B Offset 
From R 


NNNN + 2(3) 


FFFF 


D Offset 
From R 


NNNN + 2(3) 


NNNN + 3/4) 


NNNN + 4(5) 


FFFF 


FFEF 


8-Bit Offset 
From R 


NNNN + 2(3) 


FFFF 

















O Offset 
From R 


5-Bit Offset 
From R 


NNNN + 2(3) 


FFFF 



















Don’t Care 


NNNN + 2(3) 






































Indirect High | 
XXXX 





XXXX 
Constant Offset from R 
XXXX +] No Offset Index Register 
8-Bit Offset Index Register + Offset Byte 
16-Bit Offset Index Register + Offset High Byte Offset 


hear Low Byte 
D 
Accumulator Offset from R 
EFFF A Register Offset index Register + A Register 


B Register Offset Index Register + B Register 
D Register Offset Index Register + D Register 

ei Auto Increment/Decrement R . 

oy increment by 2 Index Register 

' Decrement by 2 Index Register ~ 2 
oY Constant Offset from PC 
8-Bit Offset Program Counter + Offset Byte 
16-bit Offset Program Counter + Offset High Byte Offset 
Low Byte 


Extended Indirect 
16-Bit Address Address High Byte Addres Low Byte 


* 
The index register is incremented 
following the indexed access 
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OY, 


Inc/Dec 


R by 1 


NNNN + 2(3) 


FFFF 


FIGURE 17 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 7 of 9) 


Indexed Addressing Mode | 


Inc/Dec 
R by 2 


NNNN + 2(3) 


FFFF 


FFFF 


FFFF 

















FFFF 


Yes 










Indirect High 
XXKXX 


XXKXX + 1 


FFEF 


PC + 16-Bit 





























NNNN + (2) 


Extended 
Indirect 


Address High 
NNNN + 2(3) 


Address Low 
NNNN + 3(4) 


NNNN + 4(5) 













Offset 


Offset High 
NNNN + 2(3) 


Offset Low 
NNNN + 3(4) 


NNWNN + 4(5) 


FFFF 


FFFF 


FFFF 




























Constant Offset from R 
No Offset 
8-Bit Offset 
16-Bit Offset 


Accumulator Offset from R 
A Register Offset 
B Register Offset 
D Register Offset 


Auto Increment/Decrement R 
Increment by 2 
Decrement by 2 


Constant Offset from PC 
8-Bit Offset 
16-bit Offset 


Extended Indirect 
16-Bit Address 


* 
The index register 1s incremented 
following the indexed access 
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NNNN + 2(3) 


FFFF 


XXXX 


Index Register 
Index Register 
Index Register 
Low Byte 


+ Offset Byte 
+ Offset High Byte Offset 


Index Register + 
Index Register + 
Index Register + 


A Register 
B Register 
D Register 


Index Register” 
Index Register - 2 


Program Counter + Offset Byte 
Program Counter + Offset High Byte Offset 
Low Byte 


Address High Byte Addres Low Byte 


FIGURE 17 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 8 of 9) 






Effective Address 































































ANOCC, JMP ADCA/B, STA/B STD, "SS 
ORCC (All Except ADDA/B, (All Except STU, STX, 
(immediate Immediate) ANDA/B, Immediate) SEA 
Only) BITA/B, Except 
CMPA/B, Immediate) 
ae 
SBCA/B, 
SUBA/B 













Register High 


NNNN + 1 


NNNN +2 


Register High 
(Write) 


Register Low 
(Write) 











Effective Address (EA) 


Constant Offset from R 


No Offset Index Register 

5-Bit Offset Index Register 

8-Bit Offset Index Register + Post Byte 

16-Bit Offset Index Register + Past Byte High: Post Byte Low 
Accumulator Offset from R 

A Register Offset Index Register + A Register 

B Register Offset Index Register + B Register 

D Register Offset Index Register + D Register 
Auto Increment/Decrement R ; 

Increment by 1 Index Register | 

Increment by 2 Index Register 

Decrement by 1 Index Register - 1 

Decrement by 2 Index Register - 2 
Constant Offset from PC 

8-Bit Offset Program Counter + Offset Byte 

16-Bit Offset Program Counter + Offset High Byte Offset Low Byte 
Direct Direct Page Register Address Low 
Extended Address High Address Low 


Immediate NNNN +1 


* 
The index register is incremented 
following the indexed access 


1-178 


FIGURE 17 — CYCLE-BY-CYCLE PERFORMANCE (Sheet 9 of 9) 







Effective Address 


TST 
(All Except 
tmmediate) 





ASL, ASR, 
CLR, COM, 
DEC, INC, 
LSL, LSR, 
NEG, ROL, 
ROR (Ail 
Except 
Immediate) 


ore e ¢ eee ee 
OR) 






SUBD 








[ben Ca] 
FFFF 


FFFF 




















FFFF 


Data (Write) 








Constant Offset from R 
No Offset 
5-Bit Offset 
8-Bit Offset 
16-Bit Offset 


Accumulator Offset from R 
A Register Offset 
B Register Offset 
D Register Offset 


Auto Increment/Decrement R 
Increment by 1 
Increment by 2 
Decrement by 1 
Decrement by 2 

Constant Offset from PC 
8-Bit Offset 
16-Bit Offset 

Direct 

Extended 


Immediate 


* 
The index register is incremented 
following the indexed access 
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FFFF 











JSR LEAS, 












(All Except LEAV, 
Immediate) LEAX, 
LEAY 
(Indexed Only) 





Sub. Address 


FFFF 


PC Low (Write) 


PC High (Write) 














Don't Care 














Effective Address (EA) 


Index Register 

index Register 

Index Register + Post Byte 

Index Register + Post Byte High Post Byte Low 


Index Register + A Register 
Index Register + B Register 
Index Register + D Register 


Index Register. 

* 
Index Register 
Index Register — | 
Index Register — 2 


Program Counter + Offset Byte 

Program Counter + Offset High Byte Offset Low Byte 
Direct Page Register Address Low 

Address High Address Low 


NNNN 4+ 1 





TABLE 4 — 8-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 
: Operation 
And memory with accumulator 


A, ANDB | And memory with accumulator 
, ASLA, ASLB Arithmetic shift of accumulator or memory left 











AN 
ASL 
ASR, ASRA, ASRB Arithmetic shift of accumulator or memory right 


olkelk@) 


Exclusive or memory with accumulator 


mim 


oe 












Unsigned multiply (A x B — D) 
NEG, NEGA, NEGB Negate accumulator or memory 
ORA, ORB Or memory with accumulator 











FR R1, R2 Transfer R1 to R2 (R1, R2 = A, B, CC, DP) 


NOTE: A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU (PULS, 
PULU) instructions. 


TABLE 5 — 16-BIT ACCUMULATOR AND MEMORY INSTRUCTIONS 


XG D,R 
D 


ai HA, NI] nN], oO!) Da 













mio 


n 


FRR, D 


NOTE: D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, 
PULU) instructions. 


TABLE 6 — INDEX REGISTER/STACK POINTER INSTRUCTIONS 


CMPX, CMPY 
EXG AI, FZ 
Load stack pointer from memory 

Store stack pointer to memory 


NIN 






+ 






+ 















Instruction 
CMPS, CMPU 
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TABLE 7 — BRANCH INSTRUCTIONS 


Instruction Description 
SIMPLE BRANCHES 
BEQ, LBEQ Branch if equal 


Branch if not equal 
Branch if minus 

Branch if plus 

Branch if carry set 
Branch if carry clear 
Branch if overflow set 
Branch if overflow clear 


SIGNED BRANCHES 
Branch if greater (signed) 


























BGT, LBGT 
BVS, LBVS 


BGE, LBGE 


BEQ, LBEQ Branch if equal 


BNE, LBNE Branch if not equal 
BLE, LBLE Branch if less than or equal (signed) 


Branch if invalid 2's complement result 







Branch tf greater than or equal (signed) 


BVC, LBVC Branch if valid 2's complement result 

BLT, LBLT Branch if less than (signed) 
UNSIGNED BRANCHES 

BHI, LBHI Branch if higher (unsigned) 


BCC, LBCC Branch tf higher or same (unsigned) 
Branch if higher or same (unsigned) 
Branch tf equal 
Branch if not equal — 
Branch if lower or same (unsigned) 
Branch if lower (unsigned) 


BLO, LBLO Branch if lower (unsigned) 


OTHER BRANCHES 
BSR, LBSR Branch to subroutine 


BRA, LBRA Branch always 
BRN, LBRN Branch never 





TABLE 8 — MISCELLANEOUS INSTRUCTIONS 


Instruction Description 


ANDCC AND condition code register 
CWAI AND condition code register, then wait for interrupt 


ORCC OR condition code register 
JMP 


Jump to subroutine 
Return from interrupt 


Return from subroutine 
SWI, SWI2, SWI3 Software interrupt (absolute indirect) 
Synchronize with interrupt line 
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TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES 


indexed 

Immed 

Immed 

Immed 
ASR immed 
ASL, LSL ~ 
ROL Inherent 
DEC 


* 


INC 

TST 

JMP 

CLR Direct indexed 


Inherent 
Inherent 


Relative 
Relative 


Inherent 
Immed 
Immed 
Inherent 
Immed 
immed Extended 


BRA 
BRN 
BHI 
BLS 
BHS, BCC 
BLO, BCS 
BNE 
BEQ 
BVC 
.BVS 
BPL 
BMI 
BGE 
BLT 
BGT 


BLE Relative Inherent} 2 


WWW WWW WWW WWW WW WW 
NM NM NH PH DP NH MK NH DN NH PH NH PD ND NL Po 





LEGEND: 
~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 
# Number of program bytes 
* Denotes unused opcode 
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TABLE 9 — HEXADECIMAL VALUES OF MACHINE CODES (CONTINUED) 


por _Mnem | Mode | ~ | ¢ | ed eee oS Ee fop_|Mnem | Mode [~_| + | 


Page 2 and 3 Machine 
Codes 


Relative | 5 


Nan nrp pb Sehr_ a Dh A 
NO NR BD BR AR PD NH AO DD NH DH DH PR NO 


Direct 


Indexed 


Relative 
Inherent 
Immed 
Immed 
Direct 


DOWwWWOAhP Dk HKNH HHH A HDA HAA AHA HA HS 


Direct 
Indexed 


NR NM PMR Hh MH MH NH HN HN LK LP LO 


Indexed 
Extended 


NO 


Indexed 


Indexed 
Extended Extended 
Immed 
Direct 
Direct 
Indexed 
Indexed 
Extended 
Extended 
Inherent 
Immed 
immed 
Direct 
Direct 
indexed 
Indexed 
Extended|8 
Extended|8 


OMOnNOAAAATCMAInaan 
WWWWW WW WW WW WWW W Ww 


Extended 


w 
SH WOWWHAANH FHA WA WH HK KH HL 


NOTE: All unused opcodes are both undefined 
and illegal 


Extended 
Extended 


Extended 





AAMNnana»n»a°nrn2anan am on 
WWWW WW WWW WWW WW Ww 
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FIGURE 18 — PROGRAMMING AID 


Addressing Modes 
| Op | Description 


Hee ned B+ X—X (Unsigned) 
99 
D9 


Palen A+M+C—A 
2 


B+M+C—B 


AAM-—A 
BAM-—68 
CC A {MM~CC 


Ea 
bal 
2 
2 
ADD ADDA 8B} 2]; 2] 98 2 
AODDB CB {2} 2} DB 2 B+M—B 
ADDD C3} 4; 3] D3 2 D+M.M+1~D 
AND ANDA 8A; 2] 2] 94 2 4+ 
ANDB C4!24 2) D4 2 
ANOCC {| 1C} 3] 2] | 
ASL ASLA 
ASLB 
ASL 


Bit Test A(M A A) 
Bit Test B (MA B?- 


O—B 

O—M 

Compare M from A 
Compare M from B 
Compare M:M + 1 from D 


BW WI Ww 


b 


Compare M:M +1 from:'S 
Compare M:M + 1 from U 


Compare M:M +1 from X 
Compare M:M + 1 from Y 


z= Es Se 
[[aump te Subroutine te fe [fof 
M—-A 





LEGEND: M Complement of M t Test and set if true, cleared otherwise 
OP Operation Code (Hexadecimal) — Transfer Into " @ Not Affected 

~ Number of MPU Cycles H ~~ Half-carry (from bit 3) CC Condition Code Register 

# Number of Program Bytes N Negative (sign bit) :  Concatenation 

+ Arithmetic Plus Z Zero result V___ Logical or 

—- Arithmetic Minus V Overflow, 2's complement A Logical and 

e¢ =Multiply C Carry from ALU ¥ Logical Exclusive or 
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FIGURE 18 — PROGRAMMING AID (CONTINUED) 
Addressing Modes 


- 
@ 


Description 


p fe | 
see] ee] Bale 


~~ ~ © 


’ 
™~ ~ 


~ 
Oo 


| 


Ow 
p> P 


nm ® 
b> 


= wt w > mS 


CC V_IMM—CC 
See 

Push Registers on U Stack 
Ze Pull Registers from S Stack 
Pull Registers from U Stack 


2 1 
2 1 
2 1 
2 1 


an 
+ + 
ab 


own 
+ + 
bb 


6/1 Return From interrupt || 
A-M-C-—A 
B- M-C-B 


RO NO 


a 
cal 
92 
eal 
97 





2 
2 
2 
bes 
| 
2 
| 
2 
2 
3 


esp 


a0 4+] 2+] Bol s 
| £0 /4+]2+| FO] 5 
A3 6+] 2+] B3{ 7 


EEE 


90 
DO 
93 


2 
He 
i 
ae ee 
Ae 


Software Interrupt 1 
Software Interrupt 2 


Software Interrupt 3 


an 7D 3 
NOTES: 


1. This column gives a base cycle and byte count. To obtain total count, add the values obtained from the INDEXED ADDRESSING MODE table, 
Table 2. 
2. Ri and R2 may be any pair of 8 bit or any pair of 16 bit registers 
The 8 bit registers are: A, B, CC, DP 
The 16 bit registers are: X, Y, U, S, D, PC 


EA is the effective address. 

The PSH and PUL instructions require 5 cycles plus 1 cycle for each byte pushed or pulled. 
5(6) means: 5 cycles if branch not taken, 6 cycles if taken (Branch instructions). 

SWI sets | and F bits. SWI2 and SWI3 do not affect | and F. 

Conditions Codes set as a direct result of the instruction. 

Vaue of half-carry flag is undefined. 

Special Case — Carry set if b7 is SET. 


OL ae GF ae G9 


2 





COONAN w 
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FIGURE 18 — PROGRAMMING AID (CONTINUED) 


Addressing 
Mode 
Description 


BCC 2 {Branch C=0 
LBCC is 4 roe oae 
a 
BCS 3] 2 — C=1 
LBCS 516) 4 ee oe 
2 
BEQ Branch Z=1 
LBEQ a ce Branch 
Z=1 
BGE 
LBGE 
BGT 
LBGT 


Branch > Zero 


Long Branch > Zero 


Branch2 Zero 
Long Branch 2 Zero 


BHI 3] 2 Branch Higher 
LBHI 5(6)} 4 [Long Branch Higher 
BHS 


3 | 2 |Branch Higher 
or Same 
5(6)| 4 |Long Branch Higher 
; 2 |Branch s Zero 
10 ve 4 |Long Branch ss Zero 
ul 





2 {Branch lower 


1 is 4 |Long Branch Lower 


SIMPLE BRANCHES 








Branch Instructions 


Address 
| --Mode 
Description 
BLS oe ; 
LBLS 10 | 5(6) 
= 
BLT Branch < Zero 
ne Si Long Branch< Zero 
BMI 3 Branch Minus 
LBMI 5(6) Long Branch Minus 
zs 
BNE BNE 3 | 2 {Branch Z=0 
LBNE 5(6)| 4 oe co) 
BPL z 3] 2 aah Plus 
LBPL 5(6)} 4 jLong Branch Plus 
BRA 2 {Branch Always 
LBRA 3 fLong Branch Always 


8 
B 
B 
B 


3 

5 
BRN 3 Branch Never 
LBRN 5 Long Branch Never 


Branch to Subroutine 
Long Branch to 
Subroutine 


R 
R 
'S 
V Branch V=0 
V 


A 
N 
R BSR 
LBSR 
C BVC . 

LBVC a Long Branch 

V=0 
BVS BVS 3 Branch V=1 
LBVS 5(6) ; Long Branch 

V=i1 


op ~ # SIMPLE CONDITIONAL BRANCHES (Notes 1-4) 
BRA 20 3 2 Test True OP False — OP 
LBRA oe 5 3 N=1 BMI 28 BPL 2A 
BRN a Z=1 BEQ 27 BNE 26 
LBRN 1021 «54 V=1 BVS 29 BVC 28 
BSR 8D 7 2 C=1 BCS 25 BCC 24 
LBSR 7 9 3 


SIGNED CONDITIONAL BRANCHES (Notes 1-4) 


UNSIGNED CONDITIONAL BRANCHES (Notes 1-4) 


Test True OP False OP Test True OP False OP 

rm BGT 2E BLE 2F r>m BHI 22 BLS 23 

r2m BGE 2C BLT 2D r=m BHS" 24 BLO 25 

r=mM BEQ 27 BNE 26 r=m BEQ 27 BNE 26 

rsm BLE 2F BGT 2E rsm BLS 23 BHI 22 

r<m BLT 2D BGE 2C r<m BLO 25 BHS 24 
NOTES: 


1. . All conditional branches have both short and long variations. 

All short branches are 2 bytes and require 3 cycles. 

All conditional long branches are formed by prefixing the short branch opcode with $10 and using a 16-bit destination offset. 
All conditional long branches require 4 bytes and 6 cycles if the branch is taken or 5 cycles if the branch is not taken. 

5(6) means: 5 cycles if branch not taken, 6 cycles if taken. 


af wh 
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INDEXED ADDRESSING MODES 


No Offset 
5-Bit Offset 
8-Bit Offset 
16-Bit Offset 


A— Register Offset 
B — Register Offset 
D — Register Offset 
Increment By 1 
Increment By 2 
Decrement By 1 
Decrement By 2 


8-Bit Offset 


Constant Offset From R 


Accumulator Offset From R 


Auto Increment/Decrement R 


Constant Offset From PC 


16-Bit Offset 
16-Bit Address 


R=xX, Y, U, or S 
X= Don't Care 


Extended Indirect 


INDEXED ADDRESSING POSTBYTE 
REGISTER BIT ASSIGNMENTS 


Post- Byte Register Bit 








Indexed 
Addressing 







(716 [5/4]3] 241] 0 | Mode 
POTR[RIx[x[x[x[x | EA = .R + 5 Bit Offset | 
PUTRI RIOlO}olo}o | LR + 
PUPRIR] I Olo joys | TR+ + 
PifRTRiofofo{ijo [| RY 
PifRyR[tfofofiji {RL 
PifR[R{t {oli jojo | EA=,R+ 0 Offset | 
rifr{R{1[o]1]ol1 [EA =. R + ACCB Offset 
fifR[R[ifol1{1[o [eA = .R_+ ACCA Offset] 
FIT R{R{t{1{O{OloO | EA =, R+ 8-Bit Offset 
PifR[ R(t [i folo]1 [EA =. R + 16-Bit Offset _| 
PifRpR{t{ifofi]1 | eA=.R + 0 Offser__ 
rt Tx[x[t]1{t[o]0 [EA = , PC + 8-Bit Offset 
Pifx[xf ifr] 1 fol 1 [EA = , PC + 16-Bit Offset | 
PafeRpRiififififi1 | cA= Address) 





a Gama, crane Addressing Mode Field 
a Indirect Field 


(Sign bit when b7 = 0) 


Register Field: RR 
00 = X 
01 
10 
X = Don't Care 11 


tot tt 
nC < 





[_Nondiect [diese ——_—| 


Assembler | Post-Byte Assembler | Post-Byte 
Form Opcode Form Opcod 


1RRO1001 


1RROO110 
1RROO101 
1RRO1O11 


1R ROOOOO 
1TRROOOO1 
1RROOO10 
1RRO0011 


1RR10110 
1RR10101 
1RR11011 


not allowed 
[, R + +}}1RR10001 
not allowed 





In, PCR] [1XX11100 


[n, PCR) }1XX11101 


a 


2 


Pato ajo io [vwasivea wlt +] 
[NN =o oOo Jooo[n= ole +! 


Pointer Register 


PC Program Counter 


Accumulators 


Direct Page Register 


CC— Condition Code 


Carry-Borrow 
Overflow 

Zero 

Negative 

{RQ Interrupt Mask 
Half Carry 

Fast Interrupt Mask 
Entire State on Stack 
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Push/Puil Post Byte 6809 Stacking Order 





Pull Order 

CC 

A 

B 

DP 6809 Vectors 
X Hi FFFE Restart 
Re 
ed FFF8 IRQ 
Y Lo FFF6 FIROQ 


Transfer/ Exchange Post Byte 


—- U/S Hi FFF4 SW12 
[Boufse | [oegingion | US lo FFF Swid 


: PC Hi FFFO Reserved 
Register Field PC Lo 
0000 = D (A-B) 0101=PC 
0001 = X 1000=A _ Push Order 
0010= Y 1001=B | 
0011 =U 1010= CCR Increasing Memory 
0100=S 1011=DPR 


ORDERING INFORMATION 


| EF68A09E e B/B 
Device Screening level 
Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. 


[Package 
Pepa et ete er [mle] ae 


a ae 
ccaame danas cs ee ae ied 


EF68A09E (1.5 MHz) 


EF68BO9E (2.0 MHz) 


Examples : EF6809EC, EF6809ECV, EF6809ECM | 


Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp.: L*: 0°C to +70°C, V: — 40°C to +85°C, M: —55°C to +125°C, *: may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B: NFC 96883 level B and MIL-STD-883C level B. 
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PHYSICAL DIMENSIONS 





(1) Nominal dimension 
{2) True geometrical position 














Pin lidentification 


Wi 













WZ 


Poe eee eee , . . 4 ’ . 
ew 1,27 Jele ele e ele e ele| 


Typ. 





44 pins: 


_Y 





MO-047-AC 
Cet DATA. JEDEC SITELESC 
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CB-182 





P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 


J SUFFIX C SUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 


CB-521 














FN SUFFIX 

PLCC 44 
- 
fe) ” an wos 

van Le) oO ” 
sg EIZE ls 3 3 iB 3 
ae@miam eRe Reabnaeaews 
oe - 3939s 
O 
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CHAPTER 2 - 6800 PERIPHERALS 


6800 PERIPHERALS SELECTION GUIDE 


Part number Alt source 


EF6821 


Description Technology 


NMOS 


MC6821 


CLK freq. 
(MHz) 


1 


Page 


2-3 


Peripheral Interface Adapter (PIA) 


EF68A21 
EF68B21 


EF6840 


Two bidirectional 8-bit buses for interface 
to peripherals - Two programmable control 
registers - Two programmable data direction 
registers 


NMOS 


MC68A21 
MC68B21 


MC6840 


1.5 
2 


2-15 


Programmable Timer Module (PTM) 


EF68A40 
EF68B40 


EF6850 
EF68A50 
EF68B50 


EF6854 


Three 16-bit - Binary counters - Selectable gating 
For frequency or pulse-width comparison 


Asynchronous Communication Interface NMOS 
Adapter (ACIA) - 8 and 9-bit transmission - 


Peripheral/modem control functions 


MC68A40 
MC68B50 


MC6850 
MC68A50 
MC68B50 


2-31 


Advanced Data-Link Controller (ADLC) 


EF68A54 
EF68B54 


NMOS 


MC6854 
MC68A54 


2-41 


MC68B54 


2-1 


2-2 


COMPONENTS 


PERIPHERAL INTERFACE ADAPTER (PIA) 


The EF6821 Peripheral Interface Adapter provides the universal 
means of interfacing peripheral equipment to the 6800 family of 
microprocessors. This device is capable of interfacing the MPU to 
peripherals through two 8-bit bidirectional peripheral data buses and 
four control lines. No external logic is required for interfacing to most 
peripheral devices. 

The functional configuration of the PIA is programmed by the MPU 
during system initialization. Each of the peripheral data lines can be pro- 
grammed to act as an input or output, and each of the four con- 
trol/interrupt lines may be programmed for one of several control 
modes. This allows a high degree of flexibility in the overall operation of 
the interface. 


@ 8-Bit Bidirectional Data Bus for Communication with the 
MPU 

@ Two Bidirectional 8-Bit Buses for Interface to Peripherals 

@® Two Programmable Control Registers 

@ Two Programmable Data Direction Registers 

e 


Four Individually-Controlled Interrupt Input Lines; Two 
Usable as Peripheral Control Outputs 


Handshake Control Logic for Input and Output Peripheral 
Operation 


High-Impedance Three-State and Direct Transistor Drive 
Peripheral Lines 

Program Controlled Interrupt and Interrupt Disable Capability 
CMOS Drive Capability on Side A Peripheral Lines 

Two TTL Drive Capability on All A and B Side Buffers 


TTL-Compatible 
Static Operation 


Three available versions : EF6821 (1.0 MHz) 
EF68A21 (1.5 MHz) 
EF68B21 (2.0 MHz) 
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MOS 


(N-CHANNEL, SILICON-GATE, 
DEPLETION LOAD) 


PERIPHERAL INTERFACE 
ADAPTER 









P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 
J SUFFIX C SUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 


CB-708 













E SUFFIX 
LCCC 44 


Hi-Rel versions available - See chapter 9 





PLCC 44 





PIN ASSIGNMENT 











MAXIMUM RATINGS 


Symbol on 
Supply Voltage -0.3 to +7.0. 
Input Voltage in : /. 


Operating Temperature Range 
EF6821, EF68A21, EF68B21 
EF6821, EF68A21, EF68B21 : 
V suffix 

EF6821, EF68A21:M suffix 


Storage Temperature. Range 






















THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 
Ceramic 
Plastic 
Cerdip 

PLCC 









POWER CONSIDERATIONS 


The average chip-junction ternperature, Ty, in °C can be obtained from: 


Tj=Ta+(Ppe6 ja) 
Where: 
Ta mAmbient Temperature, °C 


6 jm Package Thermal Resistance, Junction-to-Ambient, °C/W 


Pp = PINT + PPORT 
Pintmicc x Vcc, Watts — Chip Internal Power 


PporT Port Power Dissipation, Watts — User Determined 


_| avoid applications of any voltage higher than 


. This device contains circuitry to protect the 
inputs against damage due to high static | 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 








maximum rated voltages to this high- 
impedance circuit. For proper operation it is 
recommended that Vjn and Voyt be con- 
Strained to the range GNOS(Vjn or 
Vout) $ VCC. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
GND or Vcc). 











(1) 


For most applications PpoRT<PiNT and can be neglected. PpORT may become significant if the device is configured to 


drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PPOoRT is neglected) is: 


Pp =K+(TJy+ 273°C) 
Solving equations 1 and 2 for K gives: 
K = Ppe(Ta + 273°C) + 0yaePp2 


(2) 


(3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
fora known TA. Using this value of K the values of PD and TJ can be obtained by solving equations (1) and (2) iteratively for any 


value of Ta. 


DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vdc +5%, Vsg=0, TA=TL to TH unless otherwise noted). 


Characteristic 


| Symbol | Min | Typ | Max | Unit _| 





BUS CONTROL INPUTS (R/W, Enable, RESET, RSO, RS1, CSO, CS1, CS2) 






Hi-Z Output Leakage Current 
Capacitance (Vj, =0, Ta = 25°C, f=1.0 MHz) 
DATA BUS (D0-D7) 
Input High Voltage 
Input Low Voltage 
Hi-Z Input Leakage Current (Vj, =0.4 to 2.4 V) 
Output High Voltage (It ogg = — 205 pA) 
Output Low Voltage (It ogg = 1.6 mA) 
| Capacitance (Vjn =0, Ta = 25°C, f=1.0 MHz) 






DC ELECTRICAL CHARACTERISTICS (Continued) 




















Characteristic | Symbol | Min | Typ [| Max [| Unit | 
PERIPHERAL BUS (PAO0-PA7, PBO-PB7, CA1, CA2, CB1, CB2) 

Input Leakage Current R/W, RESET, RSO, RS1, CSO, CS1, CS2, CAI, n 

(Vin =0 to 5.25 V) CB1, Enable in f 
Hi-Z Input Leakage Current (Vi, = 0.4 to 2.4 V) PBO-PB7, CB2 NZ pA 
Input High Current (Vy = 2.4 V) PAO-PA7,CA2| lit pA 
Darlington Drive Current (Vg = 1.5 V) PBO-PB7, CB2 IOH mA 
Input Low Current (Vy =0.4 V) PAO-PA7, CA2 WL mA 
Output High Voltage 

(Load = — 200 pA) PAQ-PA7, PBO-PB7, CA2,CB2] VOH V 

Load = — 10 pA) PAQ-PA7, CA2 





Output Low Voltage (Ij 9aq = 3.2 mA) POL, ea te ome Vss+0.4 
Capacitance WVin=0. 1a =25°C, f= 10 Ma a 


POWER REQUIREMENTS 


| Internal Power Dissipation (Measured at T; =0°C) PINT - Pee OO od mw 





BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 














Pulse Width, E Low | PWe_ [430 | — | 2 
Pulse Width, E High | PWeH | 450 [ — |: 
[4 [Glock Rise and Fantime——SSSCiC 
[S| Address Hold Time SSSCSCS~YCt | 
[Address Sewup Time Before —SSSSCdYCtwS «8 
tcs__| 80 | 
'CH 









es [oat 
[14 | Chip Select Setup Time Batow £ ————SS—S—*dt tes reo = [p= 
SA ane PATS BS CL ae 
TOHA [a0 | 20] BOF] ns 
Write Data Hold Tine Po [=f = [os] 


| 30 {| Output Data Delay Time f tpor | — | 
Input Data Setup Time (DSW 


"The data bus output buffers are no longer sourcing or sinking current by topHRmax (High Impedance). 








FIGURE 1 — BUS TIMING 


WwW? 
oh 8 
©) L«-() 


R/W, Address 


ia 

ee 000.050.0568 0 
ee te 
MPU Read Data Non-Muxed 2 | Beas i © 

ee) 

G) 
MPU Write Data Non-Muxed ~~ | } 
63) Pea 











Read Data 
Non-Muxed =: 


Write Data 
Non-Muxed / 





Notes: 
1. Voltage levels shown are V; <0.4 V, VW2=2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
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PERIPHERAL TIMING CHARACTERISTICS (Vcc =5.0 V +5%, Vss=0 V, TA=TL to TH unless otherwise specified) 












= | EF68B21_ | 
ees Sos 
[Date Seup time ——SSSSCSCSC~CSCSSSS~S tes | 2 | - wT - fro] - [os 6 
[DataHod time ——SsSsSC~CSC~C~CS~CSC~S~S OH TO TOL - fot fos 8 
[Delay Time, Enable Negative Transiion to CAZNegatwve Transwwon | tcaz | - [10] — [oem] — [0500 [us] 3.7.8 | 
[Delay Time, Enable Negative Transtion to CA2 Positive Transition | Tas1 | - [10] — [0670] — [0500] us| 37 
[ise and Fall Times for GAY and CAZ Input Signals th | - | tO] | 10] -]10]os] 8 
[Delay Time from CAT Active Transition to CA2 Positwe Transiion | tsa | - | 20] —]1%]—]10[s] 38 
ow | - [10] — Joe] — [05 [us [3.8 10, 
emorar, cag ane vaneten eNOS Daa Wale _[temos | - [20] - [1] - | 10 [os se 
PAQ-PA7, CA2 
[Delay Time, Enable Positive Transition to GBZ Negative Transiton | tesa | — 10] — [oem] — | 05 [as 
[Delay Time, Date Veld 10 CBZNegative Transiton +t toc | @]-] 2] - || — [as 
[Delay Time, Enabie Positive Transition to CBZ Posiive Tranaiion | tasi_[ - | 10] — [Oem] — | 05 [as 
Pwer | oo | - [am] — [mol — [os 
[Rise and Fall Time for CB1 and CB2 Input Signals —__—Ss«dT ww | - [TO] -]fro[-] io] e 
[Delay Time, CB1 Active Transition to CB Postive Transition | tagz | - [20] - [1%] -] 10 | os) 
= reo] = [110 [ — [085 | as 
interrupt Response Time ——=SCSC~C~—SCSs ws | — | VOT - | OT —] 10 Ys 
Pw | 805] _— | sO] - | sO] — | ne 
RESET Low Tire” tm [10 - Joos} — fost — [as 





*The RESET line must be high a minimum of 1.0 ps before addressing the PIA. 


FIGURE 3 — TTL EQUIVALENT 
TEST LOAD 


(D0-D7) 5.0V (PAO—PA7, PBO—PB7, CA2, CB2) 
Ri =2.4 k8 5.0V 
Test Point 1N4148 Ry = 1.25 kQ 
or Equiv. | 
Test Point ! 1N4148 
C R er Vv; or Equiv. 
130 pF 11.7 kQ : 
or equiv. c R 
1N916 
or equiv. 


FIGURE 2 — BUS TIMING TEST LOADS 


C=90 pF, R=12k 


. FIGURE 4 — CMOS EQUIVALENT FIGURE 5 — NMOS EQUIVALENT 
TEST LOAD TEST LOAD 
(TRO Only) 
(PAO-PA7, CA2) 5.0 V 


Test Point 
1.5 kQ 
30 pF 
. | Test Point 
= 100 pF 


it— 
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FIGURE 6 — PERIPHERAL DATA SETUP AND HOLD TIMES 


(Read Mode) 
PAOQ-PA7 
PBO-PB7 
tpps teow 
Enable 


FIGURE 8 — CA2 DELAY TIME 
(Read Mode; CRA-5= 1, CRA-3= CRA-4=0) 


Enable 
t,.t 


= tRSs2 C 


FIGURE 10 — PERIPHERAL DATA AND CB2 DELAY TIMES 
(Write Mode; CRB-5= CRB-3= 1, CRB-4= 0) 


Enable 
teow 
PBO-PB7 
toc 
cam 


*cp2 goes low as a result of the 
positive transition of Enable. 


FIGURE 12 — CB2 DELAY TIME 
(Write Mode; CRB-5= 1, CRB-3= CRB-4= 0) 


Enable 


ty tf 


tcB2 tRS2° 


* Assumes part was deselected during 
any previous E pulse. 


FIGURE 7 — CA2 DELAY TIME 
(Read Mode; CRA-5= CRA3= 1, CRA-4=0) 


Enable 





* Assumes part was deselected during 
the previous E pulse. 


FIGURE 9 — PERIPHERAL CMOS DATA DELAY TIMES 
(Write Mode; CRA-5= CRA-3= 1, CRA-4= 0) 







Enable 


'CMOS- 
tPDW ean ei ees es Vcc -30% Vec 










PAO-PA7, 
CA2 


FIGURE 11 — CB2 DELAY TIME 
(Write Mode; CRB-6= CRB-3= 1, CRB-4=0) 


Enable 





"Assumes part was deselected during the 


previous E pulse 


FIGURE 13 — INTERRUPT PULSE WIDTH AND IRQ RESPONSE 


REG bs ees, 


CA1,2 
CB1, 2 





tas3* + 


* Assumes Interrupt Enable Bits are set. 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 





FIGURE 14 — IRO RELEASE TIME FIGURE 15 — RESET LOW TIME 





P= TRL . 


Enable | aaa 


*The RESET line must be a Vj}; for a minimum of 
1.0 ps before addressing the PIA. 





Note: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 


FIGURE 16 — EXPANDED BLOCK DIAGRAM 



































40 CAI 
Interrupt Status 
Control A 39 CA2 
Control 
Register A 
DO 33 4 (CRA) = 
O01 32 Data Direction 
O02 31 Register A 
D3 30 ' Data Bus (DDR A) 
Buffers 
04 29 (OBB) Output Bus ey, 
DS 28 ° 
06 27 2 PAO 
D7? 26 Output 3 PAI 
Register A 
4a 
5 
; 6 
7 
Bus Input 
Register 2 
(BIR) 9 


Vcc = Pin 20 


(ORA) Pie 
Peripheral 5 PA3 

Bea PA4 

PAS 

PA6 

PAT 

10 PBO 

@utput 17 PBI 




















Vss Pin 1 
Register B 
P 
(ORB) Teck BS 
CSO 22 Peripheral 13 PB3 
Interface 
CS1 24 B 14 PB4 
CS2 23 " Chip 15 PBS 
Select 
36 < 
RSO anid 16 PB6 
RS1 35 RW 17 PB7 
R/w 21 Control 
Enable 25 
RESET 34 
Data Direction 
Pica Register B 
Register B (ODORB) 
(CRB) 
18 CBI 
Interrupt Status 
IRQB 37 Contro! B fges2 
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PIA INTERFACE SIGNALS FOR MPU 


The PIA interfaces to the 6800 bus with an 8-bit bidirec- 
tional data bus, three chip select lines, two register select 
lines, two interrupt request lines, a read/write line, an enable 
line and a reset line. To ensure proper operation with the 
EF6800, EF6802, or EF6808 microprocessors, VMA 
Should be used as an active part of the address decoding. 


Bidirectional Data (D0-D7) — The bidirectional data lines 
(DO-D7) allow the transfer of data between the MPU and the 
PIA. The data bus output drivers are three-state devices that 
remain in the high-impedance (off) state except when the 
MPU performs a PIA read operation. The read/write line is in 
the read (high) state when the PIA ts selected for a read 
operation. 


Enable (E) — The enable pulse, E, 1s the only timing 
signal that is supplied to the PIA. Timing of all other signals 
is referenced to the leading and trailing edges of the E pulse. 


Read/Write (R/W) — This signal is generated by the 
MPU to control the direction of data transfers on the data 
bus. A low state on the PIA read/write line enables the input 
buffers and data is transferred from the MPU to the PIA on 
the E signal if the device has been selected. A high on the 
read/write line sets up the PIA for a transfer of data-to the 
bus. The PIA output buffers are enabled when the proper ad- 
dress and the enable pulse E are present. 


RESET — The active low RESET line is used to reset all 
register bits in the PIA to a logical zero (low). This line can be 
used aS a power-on reset and as a master reset during 
system operation. 


Chip Selects (CSO, CS1, and CS2) — These three input 
signals are used to select the PIA. CSO and CS1 must be 
high and CS2 must be low for selection of the device. Data 
transfers are then performed under the control of the enable 
and read/write signals. The chip select lines must be stable 


for the duration of the E pulse. The device is deselected 
when any of the chip selects are in the inactive state. 


Register Selects (RSO and RS1) — The two register 
select lines are used to select the various registers inside the 
PIA. These two lines are used in conjunction with internal 
Control Registers to select a particular register that is to be 
written or read. 

The register and chip select lines should be stable for the 
duration of the E pulse while in the read or write cycle. 


Interrupt Request (IROA and IROB) — The active low In- 
terrupt Request lines (IRQA and IROB) act to interrupt the 
MPU either directly or through interrupt priority circuitry. 
These lines are ‘open drain” (no load device on the chip) 
This permits all interrupt request lines to be tied together in a 
wire-OR configuration. 

Each Interrupt Request line has two internal interrupt flag 
bits that can cause the Interrupt Request line to go low. Each 
flag bit is associated with a particular peripheral interrupt 
line. Also, four interrupt enable bits are provided in the PIA 
which may be used to inhibit a particular interrupt from a 
peripheral device. 

Servicing an interrupt by the MPU may be accomplished 
by a software routine that, on a prioritized basis, sequentially 
reads and tests the two control registers in each PIA for tn- 
terrupt flag bits that are set. 

The interrupt flags are cleared (zeroed) as a result of an 
MPU Read Peripheral Data Operation of the corresponding 
data register. After being cleared, the interrupt flag bit can- 
not be enabled to be set until the PIA is deselected during an 
E pulse. The E pulse is used to condition the interrupt control 
lines (CA1, CA2, CB1, CB2). When these lines are used as 
interrupt inputs, at least one E pulse must occur from the in- 
active edge to the active edge of the interrupt input signal to 
condition the edge sense network. If the interrupt flag has 
been enabled and the edge sense circuit has been properly 
conditioned, the interrupt flag will be set on the next active 
transition of the interrupt input pin. 


PIA PERIPHERAL INTERFACE LINES 


The PIA provides two 8-bit bidirectional data buses and 
four interrupt/control lines for interfacing to peripheral 
devices. 


Section A Peripheral Data (PAO-PA7) — Each of the 
peripheral data lines can be programmed to act as an input or 
output. This is accomplished by setting a ‘1” in the cor- 
responding Data Direction Register bit for those lines which 
are to be outputs. A "0" in a bit of the Data Direction 
Register causes the corresponding peripheral data line to act 
as an input. During an MPU Read Peripheral Data Operation, 
the data on peripheral lines programmed to act as inputs ap- 
pears directly on the corresponding MPU Data Bus lines. In 
the input mode, the internal pullup resistor on these lines 
represents a maximum of 1.5 standard TTL loads. 

The data in Output Register A will appear on the data lines 
that are programmed to be outputs. A logical ‘1 written in- 
to the register will cause a ‘high’ on the corresponding data 


2-9 


line while a “0” results in a ‘‘low.”’ Data in Output Register A 
may be read by an MPU ‘Read Peripheral Data A”’ operation 
when the corresponding lines are programmed as outputs. 
This data will be read properly if the voltage on the 
peripheral data lines is greater than 2.0 volts for a logic 1” 
output and less than 0.8 volt for a logic ‘‘0’’ output. Loading 
the output lines such that the voltage on these lines does not 
reach full voltage causes the data transferred into the MPU 
on a Read operation to differ from that contained in the 
respective bit of Output Register A. 


Section B Peripheral Data (PBO-PB7) — The peripheral 
data lines in the B Section of the PIA can be programmed to 
act as either inputs or outputs in a similar manner to PAO- 
PA7. They have three-state capability, allowing them to enter 
a high-impedance state when the peripheral data line is used 
as an input. In addition, data on the peripheral data lines 


PBOQ-PB7 will be read properly from those lines programmed 
as Outputs even if the voltages are below 2.0 volts for a 
‘high’ or above 0.8 V for a ‘low’. As outputs, these lines 
are compatible with standard TTL and may also be used as a 
source of at least 1 milliampere at 1.5 volts to directly drive 
the base of a transistor switch. 


interrupt Input (CA1 and CB1) — Peripheral input lines 
CA and CB1 are input only lines that set the interrupt flags 
of the control registers. The active transition for these 
Signals is also programmed by the two control registers. 


Peripheral Control (CA2) — The peripheral control line 
CA2 can be programmed to act as an interrupt input or as a 


peripheral control output. As an output, this line is compati- 
ble with standard TTL; as an input the internal pullup resistor 
on this line represents 1.5 standard TTL loads. The function 
of this signal line is programmed with Control Register A. 


Peripheral Control (CB2) — Peripheral Control line CB2 
may also be programmed to act as an interrupt input or: 
peripheral contro! output. As an input, this line has high in- 
put impedance and is compatible with standard TTL. As an 
output it is compatible with standard TTL and may also be 
used as a source of up to 1 milliampere at 1.5 volts to directly 
drive the base of a transistor switch. This line is programmed 
by Control Register B. 


INTERNAL CONTROLS 


INITIALIZATION 

A RESET has the effect of zeroing all PIA registers. This 
will set PAO-PA7, PBO-PB7, CA2 and CB2 as inputs, and all 
interrupts disabled. The PIA must be configured during the 
restart program which follows the reset. 

There are six locations within the PIA accessible to the 
MPU data bus: two Peripheral Registers, two Data Direction 
Registers, and two Control Registers. Selection of these 
locations is controlled by the RSO and RS1 inputs together 
with bit 2 in the Control Register, as shown in Table 1. 

Details of possible configurations of the Data Direction 
and Control Register are as follows: 


TABLE 1 — INTERNAL ADDRESSING 


Control 
Register Bit 
CRA-2 | CRB-2 Location Selected 


Po fo | + | x | Perper ReaserA 
Po fo fo | x | bate Dvecton Reiser A 
Poff x fx | conirar Regier A 
Ti [ro [x [oJ ote Breeton Resse 
en ae 


xX Don't Care 













x 






fs 






x 









PORT A-B HARDWARE CHARACTERISTICS 

As shown in Figure 17, the EF6821 has a pair of 1/O ports 
whose characteristics differ greatly. The A side is designed 
to drive CMOS logic to normal 30% to 70% levels, and incor- 
porates an internal pullup device that remains connected 
even in the input mode. Because of this, the A side requires 
more drive current in the input mode than Port B. In con- 
trast, the B side uses a normal three-state NMOS buffer 
which cannot pullup to CMOS levels without external 
resistors. The B side can drive extra loads such as Darl- 
ingtons without problem. When the PIA comes out of reset, 
the A port represents inputs with pullup resistors, whereas 
the B side (input mode also) will float high or low, depending 
upon the load connected to it. 


Notice the differences between a Port A and Port B read 
operation when in the output mode. When reading Port A, 
the actual pin is read, whereas the B side read comes from an 
output latch, ahead of the actual pin. 


CONTROL REGISTERS (CRA and CRB) 

The two Control Registers (CRA and CRB) allow the MPU 
to control the operation of the four peripheral control lines 
CA1, CA2, CB1, and CB2. In addition they allow the MPU to 
enable the interrupt lines and monitor the status of the inter- 
rupt flags. Bits 0 through 5 of the two registers may be writ- 
ten or read by the MPU when the proper chip select and 
register select signals are applied. Bits 6 and 7 of the two 
registers are read only and are modified by external interrupts 
occurring on control lines CA1, CA2, CB1, or CB2. The for- 
mat of the control words is shown in Figure 18. 


DATA DIRECTION ACCESS CONTROL BIT (CRA-2 and 
CRB-2) 

Bit 2, in each Control Register (CRA and CRB), deter- 
mines selection of either a Peripheral Output Register or the 
corresponding Data Direction E Register when the proper 
register select signals are applied to RSO and RS1. A ‘'1” in 
bit 2 allows access of the Peripheral Interface Register, while 
a ‘0’ causes the Data Direction Register to be addressed. 


Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) — 
The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines 
when those lines are programmed to be inputs. These bits 
cannot be set directly from the MPU Data Bus and are reset 
indirectly by a Read Peripheral Data Operation on the ap- 
propriate section. 


Control of CA2 and CB2 Peripheral Control Lines (CRA-3, 
CRA-4, CRA-5, CRB-3, CRB-4, and CRB-5) — Bits 3, 4, and 
5 of the two control registers are used to control the CA2 and 
CB2 Peripheral Control lines. These bits determine if the con- 
trol lines will be.an interrupt input or an output control 
signal. If bit CRA-5 (CRB-5) is low, CA2 (CB2) is an interrupt 
input line similar to CA1 (CB1). When CRA-5 (CRB-5) is 
high, CA2 (CB2) becomes an output signal that may be used 
to control peripheral data transfers. When in the output 
mode, CA2 and CB2 have slightly different loading 
characteristjcs. z 


Control of CA1 and CB1 Interrupt Input Lines (CRA-0, enable the MPU interrupt signals [ROA and (ROB, respec- 
CRB-0, CRA-1, and CRB-1) — The two lowest-order bits of tively. Bits CRA-1 and CRB-1 determine the active transition 
the control registers are used to control the interrupt input of the interrupt input signals CA1 and CB1. 
lines CA1 and CB1. Bits CRA-O and CRB-O are used to 


FIGURE 17 — PORT A AND PORT B EQUIVALENT CIRCUITS 


Port A Port B 
Vcc Vcc 


i 







Port Pin 


DATA Ls (| i iz Data Direction 
Data \ a DATA 


Direction 
(1-Output Pin) 
(O-Hnput Pin) 


Port Pin 








Data Direction 
{O-— Input Pin) 


- NY Output Pin) 
Z pb 











Read of B 
Data When 
in Output 
Mode 







Read of B 
R A Dat B 
ad — t hi = Data when 
To External y DET OF in Input Mode 


Bus Output Mode 


Internal PIA Bus 


ORDERING INFORMATION 


EF68A21 C,M, B/B 
Device | | — Screening level 
Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. 


re[Ts[releja|erl[v[™|sa| o [oe | ee 


EF6821 (1.0 MHz) 


EF68A21 (1.5 MHz) 


EF68B21 (2.0 MHz) 


Examples : EF6821C, EF6821CV, EF6821CM, EF6821JM 


Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp.: L*: 0°C to + 70°C, V: ~ 40°C to + 85°C, M: —55°C to +125°C, *: may be omitted. 
Screening level : Std: (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B: NFC 96883 level B and MIL-STD-883C level B. 








Determine Active CA1 (CB1) Transition for Setting 

interrupt Flag fROA(B)1 — (bit 7) 

b1=0: IRQA(B)1 set by high-to-low transition on CA1 
(CB1) 

b1=1: IRQA(B)1 set by low-to-high transition on CA 

(CB1). 





FIGURE 18 — CONTROL WORD FORMAT 

















CA1 (CB1) Interrupt Request Enable/ Disable 
bO=0: Disables IRQA(B) MPU Interrupt by CAl1 
(CB1) active transition. 
bO=1: Enable IROA(B) MPU Interrupt by CA1 (CB1) 
active transition. 
1. IRQA(B) will occur on next (MPU generated) positive 
transition of bO if CA1 (CB1) active transition oc- 
curred while interrupt was disabled. 




















IRQA(B) 1 Interrupt Flag (bit 7) 
Goes high on active transition of CA1 (CB1); Automa- 
tically cleared by MPU Read of Output Register A(B). 
May also be cleared by hardware Reset. 








FOvIy IRQA(B)2 CA2 (CB2) — (CB1) 
Flag Flag Control peal Control 
iIRQOA(B)2 Interrupt Flag (bit 6) 


When CA2 (CB2) is an input, |ROA(B) goes high on ac- Determines Whether Data Direction Register Or Output 
tive transition CA2 (CB2); Automatically cleared by Register is Addressed 

MPU Read of Output Register A(B). May also be b2=0: Data Direction Register selected. 

cleared by hardware Reset. b2=1: Output Register selected. 

CA2 (CB2) Established as Output (b5=1): IRQA(B) 

2=0, not affected by CA2 (CB2) transitions. 





Control Register 





A2 (CB2) Established as Output by b5= 1 CA2 (CB2) Established as Input by b5=0 
(Note that operation of CA2 and CB2 output 
functions are not identical) b5 b4 b3 
CA2 0 2 
b3=0: Read Strobe with CA1 Restore . CA2 (CB2) Interrupt Request Enable/ Disable 
CA2 goes low on first high-to-low b3=0: Disables IROA(B) MPU Interrupt by 
E transition following an MPU read CA2 (CB2) active transition. * 
of Output Register A; returned high b3=1: Enables IRQA(B) MPU Interrupt by 
by next active CA1 transition, as CA2 (CB2) active transition. 
specified by bit 1. *IRQA(B) will occur on next (MPU generat- 
Read Strobe with E Restore ted) positive transition of b3 if CA2 (CB2) 
CA2 goes low on first high-to-low active transition occurred while interrupt 
E transition following an MPU read was disabled. 
of Output Register A; returned high Determines Active CA2 (CB2) Transition for 
by néxt high-to-low E transition dur- Setting Interrupt Flag IRQA(B)2 — (Bit b6) 
ing:9 deselect. b4=0: IRQA(B)2 set by high-to-low transi- 


tion on CA2 (CB2). 

Write Strobe with CB1 Restore b4=1: !RQA(B)2 set by low-to-high transi- 
CB2 goes low on first low-to-high tion on CA2 (CC 2). 

E transition following an MPU write 

into Output Register B; returned 

high by the next active CB1 transi- 

tion as specified by bit 1. CRB-b7 

must first be cleared by a read of 

data. 


Write Strobe with E Restore 

CB2 goes low on first low-to-high 
E transition following an MPU. write 
into Output Register B; returned 
high by the next low-to-high E tran- 
sition following an E pulse which 
occurred while the part was de- 
selected. 

Set/ Reset CA2 (CB2) 


CA2 (CB2) goes low as MPU writes 
b3=0 into Control Register. 


CA2 (CB2) goes high as MPU writes 
b3= 1 into Control Register. 





PHYSICAL DIMENSIONS 
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The EF6840 is a programmable subsystem component of the 6800 family 
designed to provide variable system time intervals. 

The EF6840 has three 16-bit binary counters, three corresponding control 
registers and a status register. These counters are under software control 
and may be used to cause system interrupts and/or generate output signals. 
The EF6840 may be utilized for such tasks as frequency measurements, 
event counting, interval measuring and similar tasks. The device may be 
used for square wave generation, gated delay signals, single pulses of con- 
trolled duration, and pulse width modulation as well as system interrupts. 





® Operates from a single 5 V power supply 

@® Fully TTL compatible 

@ Single system clock required (Enable) 

@ Selectable prescaler on timer 3 capable of 4 MHz for the EF6840, 
6 MHz for the EF68A40 and 8 MHz for the EF68B40. 

® Programmable interrupts (IRQ) output to MPU 

@ Readable down counter indicates counts to go to time-out, 

® Selectable gating for frequency or pulse-width comparison 

@ RESET input 

@ Three asynchronous external clock and gate/trigger inputs 


internally synchronized 

Three maskable outputs 

Three available versions :EF6840 (1.0 MHz) 
EF68A40 (1.5 MHz) 
EF68B40 (2.0 MHz) 
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-EFG840 


PROGRAMMABLE TIMER MODULE (PTM) 


MOS 


PROGRAMMABLE TIMER 


(N-CHANNEL, SILICON-GATE 
DEPLETION LOAD) 





P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 
J SUFFIX C SUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 


CB-520 CB-707 


7 


FN SUFFIX 
PLCC 28 
E SUFFIX 
LCCC 28 


Hi-Rel versions available - See chapter 9 





FIGURE 1 — PIN ASSIGNMENT 














_ FIGURE 2 — BLOCK DIAGRAM 
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RESET G3 €3 03 G2 C2 02 G1 C101 
POWER CONSIDERATIONS 
The average chip-junction temperature, T j,-in °C can be obtained from: 
Ty=TA+(Ppe@Ja) (1) 


Where: 
Ta =Ambient Temperature, °C 
6j)A = Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD = PINT + PPORT 
PINT=ICC x Vcc, Watts — Chip Internal Power 
PPORT = Port Power Dissipation, Watts — User Determined 


For most applications PPQORT <P|NT and can be neglected. PPORT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PPoRT is neglected) is: 


Pp=K+(Ty + 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K PpelTp~ + 273°C) + 6ypaeP DZ (3) 


Where K is a Constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
fora known Ta. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 
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MAXIMUM RATINGS 


“Oat +70[ V_| 
Finput Voliage SSOSC~*dCWn = tO FO 









This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is ad 
vised that normal precautions be taken to 



























Vin 
ee TL to TH avoid application of any voltage higher than 
; B Oto +70 

EF6840, EF68A40, EF68B40 : V suffix TA 40. + 85 °e A ant istpts ecrt e ue, a 
' ' NEE to impedance circuit For proper operation it is 

EF6840, EF68A40 - M suffix —55 to +125 , 
recommended that Vin and Voy; be con- 
Storage Temperature Range -— 55 to + 150 strained to the range VssS (Vin Or Vout! 
THERMAL CHARACTERISTICS =Vcc. Reliability of operation is enhanced if 


unused inputs are tied to an appropriate logic 
voltage level (e.g., either Vss or VCC). 


Symbol 






Thermal Resistance 
Cerdip 
Plastic BJA 115 
Ceramic 60 
PLCC 100 





Characteristic 
Input High Voltage 
Input Low Voltage 
Input Leakage Current (V,, =0 to 5.25 V) . 
Hi-Z (Off State) Input Current (Vj, =0.5 to 2.4 V) | 00-07 | Its) | - | 2.0 | 
Output High Voltage 


“Load = — 205 pA) DO-D7 
Load = — 200 pA) Other Outputs 
Output Low Voltage . 
(Load = 1.6 mA) 
(Load = 3.2 mA) 
Output Leakage Current (Off State) (VQH = 2.4 V) 
Internal Power Dissipation (Measured at Ta =T,) 


Input Capacitance 
(Vin =O, Ta = 25°C, f=1 0 MHz) 


Output Capacitance 
(Vin=0, Ta = 25°C, f=1.0 MHz) 





AC OPERATING CHARACTERISTICS (See Figures 4-9) 


Input Rise and Fall Times 4 
(Figures 4 and 5) C, G, and RESET ise 
Input Pulse Width Low (Figure 4) 
p= fom ff oe 
Input Hold Time (Figure 6) 
(Synchronous Input) 50 
(VQH=07Vpp. Load D) CMOS # us 
fiero Rewase tine we Pf dd 


(Asynchronous Input) 
thd 38) 
C, G, and RESET 
“tr and 'fS toycE 











































C, G, and RESET 
Input Pulse Width High (Figure 5) 
(Asynchronous Input) ©, G 
Input Setup Time (Figure 6) 
(Synchronous Input) 
C, G, and RESET 
Input Synchronization Time (Figure 9) 
C3 ( - 8 Prescaler Mode Only) "sync 250 200 
input Pulse Width 
=r PW), PW ] 
Output Delay, 01-03 (Figure 7) 
(VOH=2 4 V, Load B) TTL 
(VOH=2 4V, Load D) MOS 
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BUS TIMING CHARACTERISTICS (See Notes 1, 2, and 3) 













ident. oe ) EF6s840 | EFG8A40 
mes RC 





N 
(0.0) 
oO 





£20 | 9500 

A BT 

Pt] Cock Rise and ai Te SSCS et P-L 

[a] Asaress Hold me a | 
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ining —@)— | | 
Read Data MPU Read Data Non-Muxed od 
NonMuxed | er rie 
Write Data ~ MPU Write Data Non-Muxed 
Muxed | ——s—s—s | 3 
FIGURE 4 — INPUT PULSE WIDTH LOW FIGURE 5 — INPUT PULSE WIDTH HIGH 


| 


fe) 
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c1-C3 as 
G1 G3 a > ees 
Rane? G1-G3 
RESET 


PW. tr tf 
PWH 
tf «tt, 


NOTES 
1 Not all signals are applicable to every part. 
2 Voltage levels shown are Vi <0.4 V, VW 22.4 V, unless otherwise specified. 
3. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
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FIGURE 6 — INPUT SETUP AND HOLD TIMES FIGURE 7 — OUTPUT DELAY 





C1-C3, G1-G3, 
RESET 






cmos 07x Vec 


FIGURE 8 — IRQ RELEASE TIME 


tir 


FIGURE 9 — C3 INPUT SYNCHRONIZATION TIME (-8 PRESCALER MODE ONLY) 


— me eee oe 


Enable \ ff \ as ff 
tyne = 


Transitions Processed During N Transitions Processed During N+1 TX 


FIGURE 10 — BUS TIMING TEST LOADS 


ad 
ayes isicoscal Bacal 
es : ¢ (IRQ Only} 
eRe (TTL Load) Y 
5.0 Vv Vcc of device under test 50V 
Rig eink Ry = 1.25 k 
3k 
Test Point 1N4148 Test Point 1N4148 
or Equiv. or Equiv. Test Point 
130 pF 11.7 k 1N916 40 pF 117k . 1N916 
or Equiv. or Equiv. 100 pF | 
Load D 
(01, O2, O3) 
(CMOS Load) 
(MOS) 


Test Point | 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 
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DEVICE OPERATION 


The EF 6840 is part of the 6800 microprocessor family 
and is fully bus compatible with 6800 systems. The three 
timers in the EF 6840 operate independently and in several 
distinct modes to fit a wide variety of measurement and syn- 
thesis applications. 

The EF6840 is an integrated set of three distinct 
counter/timers (Figure 1). It consists of three 16-bit data 
latches, three 16-bit counters (clocked independently), and 
the comparison and enable circuitry necessary to implement 
various Measurement and synthesis functions. In addition, it 
contains interrupt drivers to alert the processor that a par- 
ticular function has been completed. 

In a typical application, a timer will be loaded by first stor- 
ing two bytes of data into an associated Counter Latch. This 
data is then transferred into the counter via a Counter In- 
itialization cycle. If the counter is enabled, the counter 
decrements on each subsequent clock period which may be 
" an external clock, or Enable (E) until one of several predeter- 
mined conditions causes it to halt or recycle. The timers are 
thus programmable, cyclic in nature, controllable by external 
inputs of the MPU program, and accessible by the MPU at 
any time. 


BUS INTERFACE 

The Programmable Timer Module (PTM) interfaces to the 
6800 Bus with an 8-bit bidirectional data bus, two Chip 
Select lines, a Read/Write line, a clock (Enable) line, and In- 
terrupt Request line, an external Reset line, and three 
Register select lines. VMA should be utilized in conjunction 
with an MPU address line into a Chip Select of the PTM 
when using the EF6800/6802/6808. 


BIDIRECTIONAL DATA (D0-D7) — The bidirectional data 
lines (DO-D7) allow the transfer of data between the MPU 
and PTM. The data bus output drivers are three-state 
devices which remain in the high-impedance (off) state ex- 
cept when the MPU performs a PTM read operation 
(Read/Write and Enable lines high and PTM Chip Selects ac- 
tivated). 


CHIP SELECT (CSO, CS1) — These two signals are used 
to activate the Data Bus interface and allow transfer of data 
from the PTM. With CSO=0 and CS1=1, the device is 
selected and data transfer will occur. 


READ/WRITE (R/W) — This signal is generated by the 
MPU to control the direction of data transfer on the Data 
Bus. With the PTM selected, a low state on the PTM R/W 
line enables the input buffers and data is transferred from the 
MPU to the PTM on the trailing edge of the E (Enable) clock. 
Alternately, (under the same conditions) R/W=1 and 
Enable high allows data in the PTM to be read by the MPU. 


ENABLE (E CLOCK) — The E clock signal synchronizes 
data transfer between the MPU and the PTM. It also per- 
forms an equivalent synchronization function on the external 
clock, reset, and gate inputs of the PTM. 


INTERRUPT REQUEST (IRQ) — The active low Interrupt 
Request signal is normally tied directly (or through priority in- 
terrupt circuitry) to the IRQ input of the MPU. This is an 
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“open drain’ output (no load device on the chip) which per- 
mits other similar interrupt request lines to be tied together in 
a wire-OR configuration. 

The IRQ line is activated if, and only if, the Composite In- 
terrupt Flag (Bit 7 of the Internal Status Register) is asserted. 
The conditions under which the IRQ line is activated are 
discussed in conjunction with the Status Register. 


RESET — A low level at this input is clocked into the PTM 
by the E (Enable) input. Two Enable pulses are required to 
synchronize and process the signal. The PTM_ then 
recognizes the active ‘‘low’’ or inactive “‘high’’ on the third 
Enable pulse. If the RESET signal is asynchronous, an addi- 
tional Enable period is required if setup times are not met. 
The RESET input must be stable High/Low for the minimum 
time stated in the AC Operating Characteristics. 

Recognition of a low level at this input by the PTM causes 
the following action to occur: 

a. All counter latches are preset to their maximum count 

values. 


b. All Control Register bits are cleared with the exception 
of CR10 (internal reset bit) which is set. 


c. All counters are preset to the contents of the latches. 


d. All counter outputs are reset and all counter clocks are 
disabled. 


e. All Status Register bits (interrupt flags) are cleared. 





REGISTER SELECT LINES (RSO, RS1, RS2) — These in- 
puts are used in conjunction with the R/W line to select the 
internal registers, counters and latches as shown in Table 1. 


NOTE: 


The PTM is accessed via MPU Load and Store operations 
in much the same manner as a memory device. The instruc- 
tions available with the. 6800 family of MPUs which per- 
form read-modify-write operations on memory should not be 
used when the PTM is accessed. These instructions actually 
fetch a byte from memory, perform an operation, then 
restore it to the same address location. Since the PTM uses 
the R/W line as an additional register select input, the 
modified data will not be restored to the same register if 
these instructions are used. 


CONTROL REGISTER 


Each timer in the EF 6840 has a corresponding write-only 
Control Register. Control Register #2 has a unique address 
space (RSO=1, RS=0, RS2=0) and tnerefore may be writ- 
ten into at any time. The remaining Control Registers (#1 and 
#3) share the Address Space selected by a logic zero on all 
Register Select inputs. 


CR20 — The least-significant bit of Control Register #2 
(CR20) is used as an additional addressing bit for Control 
Registers #1 and #3. Thus, with all Register selects and R/W 
inputs at logic zero, Control Register #1 will be written into if 
CR20 is a logic one. Under the same conditions, Control 
Register #3 can also be written into after a RESET low condi- 
tion has occurred, since all control register bits (except 
CR10) are cleared. Therefore, one may write in the sequence 
CR3, CR2, CR1. 





TABLE 1 — REGISTER SELECTION 





Register 
Select Inputs 


Operations 


Write Control Register #3 






3 





Write Timer #1 Latches 


Write Timer #2 Latches 





Write Timer #3 Latches 


CR10 — The least significant bit of Control Register #1 is 
used as an Internal Reset bit. When this bit is a logic zero, all 
timers are allowed to operate in the modes prescribed by the 
remaining bits of the contro! registers. Writing a ‘‘one” into 
CR10 causes all counters to be preset with the contents of 
the corresponding counter latches, all counter clocks to be 
disabled, and the timer outputs and interrupt flags (Status 
Register) to be reset. Counter Latches and Control Registers 
are undisturbed by an Internal Reset and may be written into 
regardless of the state of CR10. 

The least signifcant bit of Control Register #3 is used as a 
selector for a +8 prescaler which is available with Timer #3 
only. The prescaler, if selected, is effectively placed between 


Write MSB Buffer Register 


Write MSB Buffer Register 


Write Control Register #1 
Write Control Register #2 
Write MSB Buffer Register 


the clock input circuitry and the input to Counter #3. It can 
therefore be used with either the internal clock (Enable) or an 
external clock source. 






NOTE 
When initializing Timer 3 into the divide-by-eight mode 
on consecutive E-cycles (i.e., with DMA), Control Register 
3 must be initialized after Timer Latch #3 to insure proper 
timer initialization. 


CR30 — The functions depicted in the foregoing discus- 
sions are tabulated in Table 2 for ease of reference. 


TABLE 2 — CONTROL REGISTER BITS 





CRX5] CRX449CRX3 FH Timer #X Counter Mode and Interrupt Control (See Table 3) 






CRX7° Timer #X Counter Output Enable 
0 TX Output masked on output OX 
] TX Output enabled on output OX 
Timer #X Interrupt Enable 
Interrupt Flag masked on |RQ 
Interrupt Flag enabled to IRO 
Control Register X 7 fels[e}af2[+[o X=1,20r3 
CRX2 Timer #X Counting Mode Control 
0) TX configured for normal (16-bit) counting mode 





TX configured for dual 8-bit counting mode 


Timer #X Clock Source oan 
TX uses external clock source on CX input 
TX uses Enable clock 


CR10 Internal Reset Bit 
QO All timers allowed to operate 
1 All timers held in preset state ] 
X= 1 





CR20 Control Register Address Bit 
QO CR#3 may be written 
CR#1 may be written ] 

X= 2 
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CR30 Timer #3 Clock Control 
0 T3 Clock is not prescaled 
T3 Clock is prescaled b 

X=3 


+8 


Control Register Bits CR10, CR20, and CR30 are unique in 


that each selects a different function. The remaining bits (1 
through 7) of each Control Register select common func- 
tions, with a particular Control Register affecting only its cor- 
responding timer. 


CRX1 — Bit 1 of Control Register #1 (CR11) selects 
whether an internal or external clock source is to be used 
-with Timer #1. Similarly, CR21 selects the clock source for 
Timer #2, and CR31 performs this function for Timer #3. The 
function of each bit of Control Register ‘’X"’ can therefore be 
defined as shown in the remaining section of Table 2. 


CRX2 — Control Register Bit 2 selects whether the binary 
information contained in the Counter Latches (and subse- 
quently loaded into the counter) is to be treated as a single 
16-bit word or two 8-bit bytes. In the single 16-bit Counter 
Mode (CRX2=0) the counter will decrement to zero after 
N + 1 enabled (G = 0) clock periods, where N is defined as the 
16-bit number in the Counter Latches. With CRX2=1, a 
similar Time Out will occur after (L+1)*(M+1) enabled 
clock periods, where L and M, respectively, refer to the LSB 
and MSB bytes in the Counter Latches. 


CRX3-CRX7 — Control! Register Bits 3, 4, and 5 are ex- 
plained in detail in the Timer Operating Mode section. Bit 6 is 
an interrupt mask bit which will be explained more fully in 
conjunction with the Status Register, and bit 7 is used to 
enable the corresponding Timer Output. A summary of the 
control register programming modes is shown in Table 3. — 


STATUS REGISTER/INTERRUPT FLAGS 


The EF6840 has an internal Read-Only Status Register 
which contains four Interrupt Flags. (The remaining four bits 
of the register are not used, and defaults to zeros when be- 
ing read.) Bits 0, 1, and 2 are assigned to Timers 1, 2, and 3, 
respectively, as individual flag bits, while Bit 7 is a Composite 
Interrupt Flag. This flag bit will be asserted if any of the in- 
dividual flag bits is set while Bit 6 of the corresponding Con- 
‘tral Register is at a logic one. The conditions for asserting 
the composite Interrupt Flag bit can therefore be expressed 
as: | 

INT = 11eCR16 + [2eCR26 + I3eCR36 
where INT = Composite Interrupt Flag (Bit 7) 
11= Timer #1 Interrupt Flag (Bit 0) 


12= Timer #2 Interrupt Flag (Bit 1) 
I3= Timer #3 Interrupt Flag (Bit 2) 





[1 [0 fo} 
Owe 












10 {0 }0 [Continuous Operating Mode: Gate |! or Write to Latches or Reset Causes Counter Initialization 
requency Comparison Mode: Interrupt If Gate 4 [~~ } is< Counter Time Out 


ulse Width Comparison Mode: Interrupt if Gate 4 ) is< Counter Time Out 
| 0 | 0 | 1 Single Shot Mode: Gate | or Write to Latches or Reset Causes Counter Initialization 
rt {0 [1 |Frequency Comparison Mode: Interrupt If Gate [”  $ is> Counter Time Out 
/0.11 |1 [Single Shot Mode: Gate } or Reset Causes Counter Initialization 

Exe Pulse Width Comparison Mode: Interrupt If Gate 
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An interrupt flag is cleared by a Timer Reset condition, 

i.e., External RESET=0 or Internal Reset Bit (CR10)= 1. It 
will also be cleared by a Read Timer Counter Command pro- 
vided that the Status Register has previously been read while 
the interrupt flag was set. This condition on the Read Status 
Register-Read Timer Counter (RS-RT) sequence is designed 
to prevent missing interrupts which might occur after the 
status register is read, but prior to reading the Timer 
Counter. 
’ An Individual Interrupt Flag is also cleared by a Write 
Timer Latches (W) command or a Counter Initialization (C1) 
sequence, provided that W or Cl affects the Timer cor- 
responding to the individual Interrupt Flag. 





COUNTER LATCH INITIALIZATION 


Each of the three independent timers consists of a 16-bit 
addressable counter and a 16-bit addressable latch. The 
counters are preset to the binary numbers Stored in the latch- 
es. Counter initialization results in the transfer of the latch 
contents to the counter. See notes in Table 4 regarding the 
binary number N, L, or M placed into the Latches and their 
relationship to the output waveforms and counter Time- 
Outs. 

Since the PTM data bus is 8-bits wide and the counters are 
16-bits wide, a temporary register (MSB Buffer Register) is 
provided. This ‘‘write only’’ register is for the Most- 
Significant Byte of the desired latch data. Three addresses 
are provided for the MSB Buffer Register (as indicated in 
Table 1), but they all lead to the same Buffer. Data from the 
MSB Buffer will automatically be transferred into the Most- 
Significant Byte of Timer #X when a Write Timer #X Latches 
Tommand is performed. So it can be seen that the EF6840 
has been designed to allow transfer of two bytes of data into 
the counter latches provided that the MSB is transferred 
first. The storage order must be observed to ensure proper 
latch operation. 

In many applications, the source of the data will be a 
6800 Family MPU. It should be noted that the 16-bit store 
operations of the 6800 family microprocessors (STS and 
STX) transfer data in the order required by the PTM. A Store 
Index Register Instruction, for example, results in the MSB 
of the X register being transferred to the selected address, 
then the LSB of the X register being written into the next 
higher location. Thus, either the index register or stack 
pointer may be transferred directly into a selected counter 
latch with a single instruction. 

A logic zero at the RESET input also initializes the counter 
latches. In this case, all latches will assume a maximum 
count of 65,53549. It is important to note that an Internal 


TABLE 3 — PTM OPERATING MODE SELECTION 











4 } is> Counter Time Out 





Reset (Bit zero of Control Register 1 Set) has no effect on 
the counter latches. 


COUNTER INITIALIZATION 


Counter Initialization is defined as the transfer of data from 
the latches to the counter with subsequent clearing of the In- 
dividual Interrupt Flag associated with the counter. Counter 
Initialization always occurs when a reset condition 
(RESET =0 or CR10=1) is recognized. !t can also occur — 
depending on Timer Mode — with a Write Timer Latches 
command or recognition of a negative transition of the Gate 
input. 

Counter recycling or re-initialization occurs when a 
negative transition of the clock input is recognized after the 
counter has reached an all-zero state. In this case, data Is 
transferred from the Latches to the Counter. 


ASYNCHRONOUS INPUT/OUTPUT LINES 


Each of the three timers within the PTM has external clock 
and gate inputs as well as a counter output line. The inputs 
are high-impedance, TTL-compatible lines and ouputs are 
capable of driving two standard TTL loads. 


CLOCK INPUTS (C1, C2, and C3) — Input pins C1, C2, 
and C3 will accept asynchronous TTL voitage level signals to 
decrement Timers 1, 2, and 3, respectively. The high and low 
levels of the external clocks must each be stable for at least 
one system clock period plus the sum of the setup and hold 
times for the clock inputs. The asynchronous clock rate can 
vary from dc to the limit imposed by the Enable Clock Setup, 
and Hold times. 

The external clock inputs are clocked in by Enable pulses. 
Three Enable periods are used to synchronize and process 
the external clock. The fourth Enable pulse decrements the 
internal counter. This does not affect the input frequency, it 
merely creates a delay between a clock: input transition and 
internal recognition of that transition by the PTM. All 
references to C inputs in this document relate to internal 
recognition of the input transition. Note that a clock high or 
low level which does not meet setup and hold time specifica- 
tions may require an additional Enable pulse for recognition. 
When observing recurring events, a lack of synchronization 
will result in ‘jitter’ being observed on the output of the 
PTM when using asynchronous clocks and gate input 
signals. There are two types of jitter. ‘’System jitter’ is the 
result of the input signals being out of synchronization with 
Enable, permitting signals with marginal setup and hold time 
to be recognized by either the bit time nearest the input tran- 
sition or the subsequent bit time. 

“Input jitter’’ can be as great as the time between input 
signal negative going transitions plus the system jitter, if the 
first transition is recognized during one system cycle, and 
not recognized the next cycle, or vice versa. See Figure 11. 


FIGURE 11 — INPUT JITTER 
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CLOCK INPUT C3 (— 8 PRESCALER MODE) — External 
clock input C3 represents a special case when Timer #3 Is 
programmed to utilize its optional +8 prescaler mode. 

The divide-by-8 prescaler contains an asynchronous ripple 
counter, thus, input setup (tgy) and hold times (thd) do not 
apply. As long as minimum input pulse widths are maintain- 
ed, the counter will recognize and process all input clock 
(C3) transitions. However, in order to guarantee that a clock 
transition is processed during the current E cycle, a certain 
amount of synchronization time (tsync) is required between 
the C3 transition and the falling edge of Enable (see Figure 
9). If the synchronization time requirement is not met, it 1s 
possible that the C3 transition will not be processed until the 
following E cycle. 

The maximum input frequency and allowable duty cycles 
for the +8 prescaler rnode are specified under the AC 
Operating Characteristics. Internally, the +8 prescaler out- 
put is treated in the same manner as the previously discussed 
clock inputs. 


GATE INPUTS (G1, G2, G3) — Input pins G1, G2, and G3 
accept asynchronous TTL-compatible signals which are used 
as triggers or clock gating functions to Timers 1, 2, and 3, 
respectively. The gating inputs are clocked into the PTM by 
the E (enable) clock in the same manner as the previously 
discussed clock inputs. That is, a Gate transition is recogniz 
ed by the PTM on the fourth Enable pulse (provided setup 
and hold time requirements are met), and the high or low 
levels of the Gate input must be stable for at least one system 
clock period plus the sum of setup and hold times. All 
references to G transition in this document relate to internal 
recognition of the input transition. 

The Gate inputs of all timers_directly affect the internal 
16-bit counter. The operation of G3 is therefore independent 
of the +8 prescaler selection. 


TIMER OUTPUTS (01, 02, 03) -- Timer outputs 01, 02, 
and O3 are capable of driving up to two TTL loads and pro- 
duce a defined output waveform for either Continuous or 
Single-Shot Timer modes. Output waveform definition is ac- 
complished by selecting either Single 16-bit or Dual 8 bit 
operating modes. The Single 16-bit mode will produce a 
square-wave Output in the continuous mode and a single 
pulse in the single-shot mode. The Dual 8-bit mode will pro- 
duce a variable duty cycle pulse in both the continuous and 
single-shot timer modes. One bit of each Control Register 
(CRX7) is used to enable the corresponding output. If this bit 
is Cleared, the output will remain low (VoL) regardless of the 
operating mode. If it is cleared while the output 1s high the 
output will go low during the first enable cycle following a 
write to the Control Register. 

The Continuous and Single-Shot Timer Modes are the 
only ones for which output response is defined in this data 
sheet. Refer to the Programmable Timer Fundamentals and 
Applications manual for a discussion of the output signals in 
other modes. Signals appear at the outputs (unless 
CRX7=0) during Frequency and Pulse Width comparison 
modes, but the actual waveform is not predictable in typical 
applications. 


TIMER OPERATING MODES 


The EF6840 has been designed to operate effectively ina 
wide variety of applications. This is accomplished by using 
three bits of each control register (CRX3, CRX4, and CRX5) 
to define different operating modes of the Timers. These 
modes are divided into WAVE SYNTHESIS and WAVE 
MEASUREMENT modes, and are outlined in Table 4. 


TABLE 4 — OPERATING MODES 








Control Register | 
Po | Goningous 


a a 
ae a | 
Sa Measure 


Pulse Width Comparison 





“Defines Additional Timer Function Selection. 


One of the WAVE SYNTHESIS modes is the Continuous 
Operating mode, which is useful for cyclic wave generation. 
Either symmetrical or variable duty-cycle waves can be 
generated in this mode. The other wave synthesis mode, the 
Single-Shot mode, is similar in use to the Continuous 
operating mode, however, a single pulse is generated, with a 
programmable preset width. 

The WAVE MEASUREMENT modes include the Frequen- 
cy Comparison and Pulse Width Comparison modes which 
are used to measure cyclic and singular pulse widths, respec- 
tively. 

In addition to the four timer modes in Table 4, the remain- 
ing control register bit is used to modify counter initialization 
and enabling or interrupt conditions. 


WAVE SYNTHESIS MODES 


CONTINUOUS OPERATING MODE (TABLE 5) — The 
continuous mode will synthesize a continuous wave with a 
period proportional to the preset number in the particular 
timer latches. Any of the timers in the PTM may be program- 
med to operate in a continuous mode by writing zeroes into 
bits 3 and 5 of the corresponding control register. Assuming 


that the timer output is enabled (CRX7= 1), either a square 
wave or a variable duty cycle waveform will be generated at 
the Timer Output, OX. The type of output is selected via 
Control Register Bit 2. 

Either a Timer Reset (CR10=1 or External Reset = 0) con- 
dition or internal recognition of a negative transition of the 


‘Gate input results in Counter Initialization. A Write Timer 


latches command can be selected as a Counter Initialization 
signal by clearing CRX4. 

The counter is enabled by an absence of a Timer Reset 
condition and a logic zero at the Gate input. In the 16-bit 
mode, the counter will decrement on the first clock cycle 
during or after the counter initialization cycle. It continues to 
decrement on each clock signal so long as G remains low and 
no reset condition exists. A Counter Time Out (the first clock 
after all counter bits=0) results in the Individual Interrupt 
Flag being set and reinitialization of the counter. 

In the Dual 8-bit mode (CRX2= 1) [refer to the example in 
Figure 10 and Tables 5 and 6] the MSB decrements once for 
every full countdown of the LSB + 1. When the LSB =0, the 
MSB is unchanged; on the next clock pulse the LSB is reset 
to the count in the LSB Latches, and the MSB is 
decremented by 1 (one). The output, if enabled, remains low 
during and after initialization and will remain low until the 
counter MSB is all zeroes. The output will go high at the 
beginning of the next clock pulse. The output remains high 
until both the LSB and MSB of the counter are all zeroes. At 
the beginning of the next clock pulse the defined Time ,Out 
(TO) will occur and the output will go low. In the Dual 8-bit 
mode the period of the output of the example in Figure 12 
would span 20 clock pulses as opposed to 1546 clock pulses 
using the normal 16-bit mode. 

A special time-out condition exists for the dual 8-bit mode 
(CRX2= 1) if L=O. In this case, the counter will revert to a 
mode similar to the single 16-bit mode, except Time Out oc- 
curs after M+ 1* clock pulses. The output, if enabled, goes 
low during the Counter Initialization cycle and reverses state 
at each Time Out. The counter remains cyclical (is re- 
initialized at each Time Out) and the Individual Interrupt Flag 
is set when Time Out occurs. If M=L=0, the internal 
counters do not change, but the output toggles at a rate of 
Y the clock frequency. 


TABLE 5 — CONTINUOUS OPERATING MODES 


Synthesis Modes 
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FIGURE 12 — TIMER OUTPUT WAVEFORM EXAMPLE 
(Continuous Duai 8-Bit Mode Using Internal Enable) 


Example: Contents of MSB =03=M 
Contents of LSB = 04 = L 


ere M(L +1) +1 

Algebraic Expression 
03(04 + 1) + 1 
16 Enables 


----4 


Counter Output 


Enable 


*Time 
Out 







2.4V 
04VvV 


over ILL LULU 






5 Enable 


Pulses Pulses 


| 
| 
| 
| 
| 
| 
| 


° oe 


(M + 1)(L + 1) = Period 
M(L + 1) + 1 = Low portion of period 
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Algebraic Expression 
(04 + 1)(03 + 1) = 20 Enabie or 
External Clock Pulses 


“Preset LSB and MSB to Respective Latches on the negative transition of the Enable 
**Preset LSB to LSB Latches and Decrement MSB by one on the negative transition of the Enable 


The discussion of the Continuous Mode has assumed that 
the application requires an output signal. It should be noted 
that the Timer operates in the same manner with the output 
disabled (CRX7=0). A Read Timer Counter command is 
valid regardless of the state of CRX7. 


SINGLE-SHOT TIMER MODE — This mode is identical to 
the Continuous Mode with three exceptions. The first of 
these is obvious from the name — the output returns to a 
low level after the initial Time Out and remains low until 
another Counter Initialization cycle occurs. 

As indicated in Table 6, the internal counting mechanism 
remains cyclical in the Single-Shot Mode. Each Time Out of 


the counter results in the setting of an Individual Interrupt 
Flag and re-initialization of the counter. 

The second major difference between the Single-Shot and 
Continuous modes is that the internal counter enable is not 
dependent on the Gate input level reamining in the low state 
for the Single-Shot mode. 

Another special condition is introduced in the Single-Shot 


_mode. If L=M=0 (Dual 8-bit) or N=0 (Single 16-bit), the 


Output goes low on the first clock received during or after 
Counter Initialization. The output remains low until the 
Operating Mode is changed or nonzero data is written into 
the Counter Latches. Time Outs continue to occur at the end 
of each clock period. 


TABLE 6 — SINGLE-SHOT OPERATING MODES 


Synthesis Modes 
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Symbols are as defined in Table 5. 
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SINGLE-SHOT MODE 
(CRX3 = 0, CRX7 = 1, CRX5 = 1) 


Initialization/Output Waveforms 


CRX2 | CRX4 Timer Output (OX) 


(N+1}(T) (N+1)(T) 
(N)}(T) 











to TO TO 





TO TO 


(L+1)(M41)(T) (L+1(M41)(T) 
| (LUT) 





The three differences between Single-Shot and Continous 
Timer Mode can be summarized as attributes of the Single- 
Shot mode: 


1. Output is enabled for only one pulse until it is reinitializ- 
ed. 


2. Counter Enable is independent of Gate. 
3. L=M=0 or N=0 disables output. 
Aside from these differences, the two modes are identical. 


WAVE MEASUREMENT MODES 


TIME INTERVAL MODES — The Time Interval Modes are 
the Frequency (period) Measurement and Pulse Width Com- 
parison Modes, and are provided for those applications 
which require more flexibility of interrupt generation and 
Counter Initialization. Individual Interrupt Flags are set in 
these modes as a function of both Counter Time Out and 
transitions of the Gate input. Counter Initialization is also af- 
fected by Interrupt Flag status. . 

A timer’s output is normally not used in a Wave Measure- 
ment mode, but it is defined. If the output is enabled, it will 
operate as follows. During the period between reinitialization 
of the timer and the first Time Out, the output will be a 
logical zero. If the first Time Out is completed (regardless of 
its method of generation), the output will go high. If further 
TO’s occur, the output will change state at each completion 
of a Time-Out. 

The counter does operate in either Single 16-bit or Dual 
8-bit modes as programmed by CRX2. Other features of the 
Wave Measurement Modes are outlined in Table 7. 


Frequency Comparison Or Period Measurement Mode 
- (CRX3=1, CRX4=0) — The Frequency Comparison Mode 
with CRX5= 1 is straightforward. If Time Out occurs prior to 
the first negative transition of the Gate input after a Counter 
Initialization cycle, an Individual Interrupt Flag is set. The 
counter is disabled, and a Counter Initialization cycle cannot 
begin until the interrupt flag is cleared and a negative transi- 
tion on G is detected. . 

If CRX5=0, as shown in Tables 7 and 8, an interrupt is 
generated if Gate input returns low prior to a Time Out. If a 
Counter Time Out occurs first, the counter is recycled and 
continues to decrement. A bit is set within the timer on the 
initial Time Out which precludes further individual interrupt 


generation until a new Counter Initialization cycle has been 
completed. When this internal bit is set, a negative transition 
of the Gate input starts a new Counter Initialization cycle. | 
(The condition of Glel*TO is satisfied, since a Time Out 
has occurred and no_ individual Interrupt has been 
generated.) : 

Any of the timers within the PTM may be programmed to 
compare the period of a pulse (giving the frequency after 
calculations) at the Gate: input with the time period re- 
quested for Counter Time Out. A negative transition of the 
Gate Input enables the counter and starts a Counter In- 
itialization cycle — provided that other conditions, as noted 
in Table 8, are satisfied. The counter decrements on each 
clock signal recognized during or after Counter Initialization 
until an Interrupt is generated, a Write Timer Latches com- 
mand is issued, or a Timer Reset condition occurs. It can be 
seen from Table 8 that an interrupt condition will be 
generated if CRX5=0 and the period of the pulse (single 
pulse or measured separately repetitive pulses) at the Gate 
input is less than the Counter Time Out period. If CRX5= 1, 
an interrupt is generated if the reverse is true. 

Assume now with CRX5#1 that a Counter Initialization 
has occurred and that the Gate input has returned low prior 
to Counter Time Out. Since there is no Individual Interrupt 
Flag generated, this automatically starts a new Counter In- 
itialization Cycle. The process will continue with frequency 
comparison being performed on each Gate input cycle until 
the mode is changed, or a cycle is determined to be above 
the predetermined limit. 


Pulse Width Comparison Mode (CRX3= 1, CRX4= 1) — 
This mode is similar to the Frequency Comparison Mode ex- 
cept for a positive, rather than negative, transition of the 
Gate input terminates the count. With CRX5=0, an Individ- 
ual Interrupt Flag will be generated if the zero level pulse 
applied to the Gate input is less than the time period required 
for Counter Time Out. With CRX5= 1, the interrupt is gener- 
ated when the reverse condition is true. 

As can be seen in Table 8, a positive transition of the Gate 
input disables the counter. With CRX5=0, it is therefore 
possible to directly obtain the width of any pulse causing an 
interrupt. Similar data for other Time Interval Modes and 
conditions can be obtained, if two sections of the PTM are 
dedicated to the purpose. 


FIGURE 7 — OUTPUT DELAY 





Pulse Width Comparison 


Frequency Comparison 
Pulse Width Comparison 


Le Frequency Comparison 


Application Condition for Setting Individual Interrupt Flag 


Interrupt Generated if Gate Input Period (1/F) is tess 
than Counter Time Out (TO) 
interrupt Generated if Gate Input Period (1/F) is greater 
than Counter Time Out (TO) 
Interrupt Generated if Gate Input “Down Time” is less 
than Counter Time Out (TO) 
Interrupt Generated if Gate Input ‘Down Time’ is greater 
than Counter Time Out (TO) 
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TABLE 8 — FREQUENCY COMPARISON MODE 


Control Reg. Counter Counter Enable Counter Enabie Interrupt Flag 
Bit 5 Initialization Flip-Flop Set (CE) Flip-Flop Reset (CE) Set (1) 



























Frequency no | oe Sage | tin [eS Woh GT Beto 10 
Puse wath [1 | 1] 0 | sce TERETE 





GI = Negative transition of Gate input. 

W =Write Timer Latches Command 

R = Timer Reset (CR10= 1 or External RESET = 0) 
N = 16-Bit Number tn Counter Latch. 

TO = Counter Time Out (All Zero Condition) 

| =Interrupt for a given timer 


* All teme intervals Shown above assume the Gate (G) and Clock (C) signals are sycnhronized te the system clock 
(E) with the specified setup and hold time requirements 





ORDERING INFORMATION 


EF68A40 C,M, B/B 
Device | | co Screening level 
Package 


Oper. temp. 
The table below horizontally shows all available suffix combinations for package, operating temperature and screening 
level. Other possibilities on request. 


PER. TEMP REENING LEVEL 
BEvGE | PACKAGE =| OPER. TEMP | __ SCREENING 


pp je jen ju fv | mw {sea | 0 | ce | oe | 
ae seat nae 
EF6840 (1.0 MHz) 


EF68A40 (1.5 MHz) 


EF68B40 (2.0 MHz) 


Examples : EF6840C, EF6840CV, EF6840CM, EF6840JM 


Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp. : L*: 0°C to +70°C, V: —40°C to + 85°C, M: —55°C to +125°C, *: may be omitted. 
Screening level: Std: (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B: NFC 96883 level B and MIL-STD-883C level B. 
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PHYSICAL DIMENSIONS 


CB-132 








(1) Nominal dimension 
(2) True geometrical position 


P SUFFIX 
PLASTIC PACKAGE 








ALSO AVAILABLE 






28 sins 


y 











J SUFFIX C SUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 


ASIE F 144 
Cel DATA. JEDEC SITELESC 
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CB-520 CB-707 














FN SUFFIX E SUFFIX 
PLCC 28 LCCC 28 
er ey jee ee, eo ey 
Pin 1} identification 
1.30 pee 
a 

Sk : 

£2127 91 ¢ ejege $24 epel, \ detum_ {11.30_ 

1.69 





28 pins 


Banal 
CB-707 
JEDEC SITELESC 





MO-047-AB 
JEDEC SITELESC 
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THOMSON 


COMPONENTS 


EF6850 


ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER (ACIA) 


MOSTEK 


The EF6850 Asynchronous Communications Interface Adapter pro- 
vides the data formatting and control to interface serial asynchronous 
data communications information to bus organized systems such as the 
EF6800 Microprocessing Unit. 

The bus interface of the EF 6850 includes select, enable, read/write, 
interrupt and bus interface logic to allow data transfer over an 8-bit 
bidirectional data bus. The parallel data of the bus system !s serially 
transmitted and received by the asynchronous data interface, with pro- 
per formatting and error checking. The functional configuration of the 
ACIA is programmed via the data bus during system initialization. A 
programmable Control Register provides variable word lengths, clock 
division ratios, transmit control, receive control, and interrupt control. 
For peripheral or modem operation, three control lines are provided. 
8- and 9-Bit Transmission 
Optional Even and Odd Parity 
Parity, Overrun and Framing Error Checking 
Programmable Control Register 
Optional +1, +16, and +64 Clock Modes 
Up to 1.0 Mbps Transmission 
False Start Bit Deletion 
Peripheral/ Modem Control Functions 
Double Buffered 


One- or Two-Stop Bit Operation 


EF6850 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER 
BLOCK DIAGRAM 


Data e 
Data Bus Bus Transmitter aie 
Butfers ata 
: , Receive 
Receiver 
Data 


Peripheral/. 
Modem 
Control 


Address 
Control 
and 


Interrtyot Contrat 


2-31 


MOS 


(N-CHANNEL, SILICON-GATE) 


ASYNCHRONOUS 
COMMUNICATIONS INTERFACE 
ADAPTER 


P SUFFIX 
; PLASTIC PACKAGE 
ALSO AVAILABLE 
J SUFFIX C SUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 


CB-520 CB-707 


—- 


FN SUFFIX E SUFFIX 
PLCC 28 LCCC 28 


Hi-Re! versions available - See chapter 9 


PIN ASSIGNMENT 


Rx Data lj 2 


Tx Dataff6 








MAXIMUM RATINGS. 


“Symbol 
Supply Voltage 0.3to +7.0 
0 











This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it 1s ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. Reliability of operation is 
enhanced if unused inputs are tied to an ap- 
propriate logic voltage level (e.g., either Vss 













Ty to Ty 
0 to 70 


Operating Temperature Range 
EF6850, EF68A50, EF68B50 







input Voltage _ | 
Ta 
EF6850, EF68A50, EF68B50 : V suffix -40 to +85 


EF6850, EFG8A50 : M suffix he —55 to +125 


Storage Temperature Range —55 to +150 











| 





















or Vcc). 
THERMAL CHARACTERISTICS 
Characteristic 
Thermal Resistance 
Plastic 120 3 
Ceramic BJA 60 c/w 
Cerdip 65 
PLCC 100 
POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
TJ=TA+{(Ppedja) (1) 


Where: 
Tas Ambient Temperature, °C 
6) A Package Thermal Resistance, Junction-to-Ambient, °C/W 
Po™ PINT +PPORT 
PINT®ICC x Vcc, Watts — Chip Internal Power 
PPpoRT # Port Power Dissipation, Watts — User Determined 


For most applications PpoRT<P\iNT and can be neglected. PpoRT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PpORT is neglected) is: 


Pp =K+(Tj+273°C) © (2) 
Solving equations 1 and 2 for K gives: 
K = Ppe(Ta + 273°C) + 6 aePpZ (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known Ta. Using this value of K the values of Pp and TJ can be obtained by solving equations (1) and (2) iteratively for any 
value of Ta. 


DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vdc +5%, Vss=0, TA=TL to TH unless otherwise noted.) 


Input High Voltage 
Input Low Voltage 


Input Leakage Current 
(Vin =0 to 5.25 V) 


Hi-Z (Off State) Input Current 
(Vin =0.4 to 2.4 V) 

Output High Voltage 
(lLoad = — 205 pA, Enable Pulse Width < 25 ys) 
(ILoad = — 100A, Enable Pulse Width < 25 ys) 


Output Low Voltage (I_oad= 1.6 mA, Enable Pulse Width < 25 ys) 
Output Leakage Current (Off State) (VQH = 2.4 V) 
Internal Power Dissipation (Measured at Ta =0°C) 


Internal Input Capacitance 
(Vin =0, TA = 25°C, f = 1.0 MHz) 
E, Tx CLK, Rx CLK R/W, RS, Rx Data, CSO, CS1, CS2, CTS, BCD 
Output Capacitance RTS, Tx Data 
(Vin =0, Ta = 25°C, f = 1.0 MHz) 


*For temperatures less than Ta =0°C, Pint maximum will increase. 
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SERIAL DATA TIMING CHARACTERISTICS 
Characteristic 


Data Clock Pulse Width, Low 
(See Figure 1} 


Data Clock Pulse Width, High 
(See Figure 2) 


Data Clock Frequency 


Data Clock-to-Data Delay for Transmitter (See Figure 3) 
Receive Data Setup Time (See Figure 4) 


Request-to-Send Delay Time (See Figure 6) 
Input Rise and Fall Times (or 10% of the pulse width if smaller) 


FIGURE 1 — CLOCK PULSE WIDTH, LOW-STATE 


<—- PWeL > 






Tx Clk 
or 
Rx Cik 





FIGURE 3 — TRANSMIT DATA OUTPUT DELAY 


Tx Data 


FIGURE 5 — RECEIVE DATA HOLD TIME 
(+ 1 Mode) 


| 
— tTRDH 
Rx Data 


Tx Clk 





+ 16, +64 Modes 
+ 1 Mode 
+ 16, +64 Modes 
+ 1 Mode 


+ 16, +64 Modes 
+ 1 Mode 





FIGURE 2 — CLOCK PULSE WIDTH, HIGH-STATE 


Tx Clik 
or 
Rx Clk 


FIGURE 4 — RECEIVE DATA SETUP TIME 
(+1 Mode) 


Rx Data 
tRDS 
Rx Clock 


FIGURE 6 — REQUEST-TO-SEND DELAY AND 
INTERRUPT-REQUEST RELEASE TIMES 


Enable 
tr Ts 
RTS 
tiR 
IRQ 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2 and Figure 7) 













Characteristic Symboi 


Cycle Time 
Pulse Width, E Low 


Pulse Width, E High 


0 

= 
m 
om 


_ 
Oo 


lien ii 

eae 

Eee ial 1 a ae BE 
[3 Aaitess Hoid Time ta 
[13 | Adaress Setup Time Below —SSCSCS~C~—~sdas 
[14 | Chip Select Setup Time Bofors SSCS ts 
[18 | Reed Data Hold Time i | 
‘HW 
[8 [Output Data Dey Time ——SSSCSCSCS~SCSCS~* «CO 
pat [iat Bata Setup Time ts] 


*The data bus output buffers are no longer sourcing or sinking current by toHRmax (High Impedance). 


tN 





FIGURE 7 — BUS TIMING CHARACTERISTICS 






R/W, Address A KAKA PRX y, 
(Non Muxed IO a XX 
>| | 
© © 
cS | 
= 
Read Data MPU Read Data Non-Muxed ae a 
Non-Muxed { F y 
Write Data MPU Write Data Non-Muxed 
Muxed ! — | 


1. Voltage levels shown are V; $0.4 V, VH2 2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 


FIGURE 8 — BUS TIMING TEST LOADS 


Load A Load B 

(D0-07, RTS, Tx Data) (IRQ Only) 
5.0 Vv 5.0 V 
RL =2.5 kQ 3 kf 

Test Point 1N4148 Test Point 

or Equiv. 

Cc R 100 pF 

1N916 

or equiv. 


C = 130 pF tor 0007 


= 30 pF for RTS and Tx Data 


R = 11.7 kQ for 00-07 
= 24 kt for RTS and Tx Data 
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FIGURE 9 — EXPANDED BLOCK DIAGRAM 


Transmit Clock 4 


Enable 14 










Read/Write 13 


Chip 
Chip SelectO 8 Select Transmit 
Chip Select 1 10 and Data 
Chip Select 2 9 Cy Read/Write Register 
Control 


Register Select 11 


DO 22 
Status 
0121 
D2 20 


03 19 









Bus 
Buffers 


Vcc= Pin 12 | 
Vss=Pin 1 


DEVICE OPERATION 


D4 18 
D5 17 
D6 16 


D7 15 Control 





Data 
Register 





Receive Clock 3 


At the bus interface, the ACIA appears as two addressable 
memory locations. Internally, there are four registers: two 
read-only and two write-only registers. The read-only 
registers are Status and Receive Data; the write-only 
registers are Control and Transmit Data. The serial interface 
consists of serial input and output lines with independent 
clocks, and three peripheral/modem control lines. 


POWER ON/MASTER RESET 


The master reset (CRO, CR1) should be set during system 
initialization to insure the reset condition and prepare for pro- 
gramming the ACIA functional configuration when the com- 
munications channel_is required. During the first master 
reset, the IRQ and RTS outputs are held at level 1. On all 
other master resets, the RTS output can be programmed 
high or low with the IRQ output held high. Control bits CR5 
and CR6 should also be programmed to define the state of 
RTS whenever master reset is utilized. The ACIA also con- 
tains internal power-on reset logic to detect the power line 
turn-on transition and hold the chip in a reset state to pre- 
vent erroneous output transitions prior to initialization. This 
circuitry depends on clean power turn-on transitions. The 
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Clock Parity 
Gen Gen 


Transmit 
Shift 
Register 


Transmit 
Control 


6 Transmit Data 


24 Clear-to-Send 





Interrupt 


OO 
Logic 7 interrupt Request 


23 Data Carrier Detect 


5 Request-to-Send 


Receive Parity 
Control! Check 
Receive 
Shift 


Register 


Clock 
Gen 


power-on reset is released by means of the bus-programmed 
master reset which must be applied prior to operating the 
ACIA. After master resetting the ACIA, the programmable 
Control Register can be set for a number of options such as 
variable clock divider ratios, variable word-length, one or two 
stop bits, parity (even, odd, or none), etc. 


2 Receive Data 






TRANSMIT 


A typical transmitting sequence consists of reading the 
ACIA Status Register either as a result of an interrupt or in 
the ACIA’s turn in a polling sequence. A character may be 
written into the Transmit Data Register if the status read 
operation has indicated that the Transmit Data Register is 
empty. This character is transferred to a Shift Register where 
it is serialized and transmitted from the Transmit Data output 
preceded by a start bit and followed by one or two stop bits. 
Internal parity (odd or even) can be optionally added to the 
character and will occur between the last data bit and the 
first stop bit. After the first character is written in the Data 
Register, the Status Register can be read again to check for a 
Transmit Data Register Empty condition and current 
peripheral status. If the register is empty, another character 
can be loaded for’ transmission even though the first 
character is in the process of being transmitted (because of 


double buffering). The second character will be automatical- 
ly transferred into the Shift Register when the first character 
transmission is completed. This sequence continues until all 
the characters have been transmitted. 


RECEIVE 


Data is received from a peripheral by means of the Receive 
Data input. A divide-by-one clock ratio is provided for an ex- 
ternally synchronized clock (to its data) while the divide- 
by-16 and 64 ratios are provided for internal synchronization. 
Bit synchronization in the divide-by-16 and 64 modes is in- 
itiated by the detection of 8 or 32 low samples on the receive 
line in the divide-by-16 and 64 modes respectively. False start 
bit deletion capability insures that a full half bit of a start bit 
has been received before the internal clock is synchronized 
to the bit time. As a character is being received, parity (odd 
or even) will be checked and the error indication will be. 
available in the Status Register along with framing error, 
overrun error, and Receive Data Register full. In a typical 
receiving sequence, the Status Register is read to determine 
if a character has been received from a peripheral. !f the 
Receiver Data Register is full, the character is placed on the 
8-bit ACIA bus when a Read Data command is received from 
the MPU. When parity has been selected for a 7-bit word (7 
bits plus parity), the receiver strips the parity bit (D7 =Q) so 
that data alone is transferred to the MPU. This feature 
reduces MPU programming. The Status Register can con- 
tinue to be read to determine when another character is 
available in the Receive Data Register. The receiver is also 
double buffered so that a character can be read from the 
data register as another character is being received in the 
shift register. The above sequence continues until all 
characters have been received. 


INPUT/OUTPUT FUNCTIONS 


ACIA INTERFACE SIGNALS FOR MPU 


The ACIA interfaces to the 6800 MPU with an 8-bit 
bidirectional data bus, three chip select lines, a register select 
line, an interrupt request line, read/write line, and enable 
line. These signals permit the MPU to have complete control 
over the ACIA. 


ACIA Bidirectional Data (DO-D7) — The bidirectional data 
lines (DO-D7) allow for data transfer between the ACIA and 
the MPU. The data bus output drivers are three-state devices 
that remain in the high-impedance (off) state except when 
the MPU performs an ACIA read operation. 


fi 
ACIA Enable (E) — The Enable signal, E, is a high- 
impedance TTL-compatible input that enables the bus in- 
put/output data buffers and clocks data to and from the 
ACIA. This signal will normally be a derivative of the E F6800 
¢2 Clock or EF6809E clock. 


Read/Write (R/W) — The Read/Write line is a high- 
impedance input that is TTL compatible and is used to con- 
trol the direction of data flow through the ACIA’s input/out- 
put data bus interface. When Read/Write is high (MPU Read 
cycle), ACIA output drivers are turned on and a selected 
register is read. Whef it is low, the ACIA output drivers are 
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turned off and the MPU writes into a selected register. 
Therefore, the Read/Write signal is used to select read-only 
or write-only registers within the ACIA. 


Chip Select (CSO, CS1, CS2) — These three high- 
impedance TTL-compatible input lines are used to address 
the ACIA. The ACIA is selected when CSO and CS1 are high 
and C82 is low. Transfers of data to and from the ACIA are 
then performed under the control of the Enable Signal, 
Read/Write, and Register Select. 


Register Select (RS) — The Register Select line is a high- 
impedance input that is TTL compatible. A high level is used 
to select the Transmit/Receive Data Registers and a low 
level the Control/Status Registers. The Read/Write signal 
line is used in conjunction with Register Select to select the 
read-only or write-only register in each register pair. 


Interrupt Request (IRQ) — Interrupt Request is a TTL- 
compatible, open-drain (no internal pullup), active low out- 
put that is used to interrupt the MPU. The IRQ output re- 
mains low as long as the cause of the interrupt is present and 
the appropriate interrupt enable within the ACIA is set. The 
TRG status bit, when high, indicates the [RQ output is in the 
active state. 

Interrupts result from conditions in both the transmitter 
and receiver sections of the ACIA. The transmitter section 
causes an interrupt when the Transmitter Interrupt Enabled 
condition is selected (CR5eCR6), and the Transmit Data 
Register Empty (TDRE) status bit is high. The TDRE status 
bit indicates the current status of the Transmitter Data 
Register except when inhibited by Clear-to-Send (CTS) be- 
ing high or the ACIA being maintained in the Reset condi- 
tion. The interrupt is cleared by writing data into the 
Transmit Data Register. The interrupt is masked by disabling 
the Transmitter Interrupt via CR5 or CR6 or by the loss of 
CTS which inhibits the TDRE status bit. The Receiver sec- 
tion causes an interrupt when the Receiver Interrupt Enable 
is set and the Receive Data Register Full (RORF) status bit is 
high, an Overrun has occurred, or Data Carrier Detect (DCD) 
has gone high. An interrupt resulting from the RORF status 
bit can be cleared by reading data or resetting the ACIA. In- 
terrupts caused by Overrun or loss of DCD are cleared by 
reading the status register after the error condition has oc- 
curred and then reading the Receive Data Register or reset- 
ting the ACIA. The receiver interrupt is masked by resetting 
the Receiver Interrupt Enable. 


CLOCK INPUTS 


Separate high-impedance TTL-compatible inputs are pro- 
vided for clocking of transmitted and received data. Clock 
frequencies of 1, 16, or 64 times the data rate may be 
selected. 


Transmit Clock (Tx CLK) — The Transmit Clock input is 
used for the clocking of transmitted data. The transmitter in- 
itiates data on the negative transition of the clock. 


Receive Clock (Rx CLK) — The Receive Clock input is 
used for synchronization of received data. (In the + 1 mode, 
the clock and data must be synchronized externally.) The 
receiver samples the data on the positive transition of the 
clock. 


SERIAL INPUT/OUTPUT LINES 


Receive Data (Rx Data) — The Receive Data line is a high- 
impedance TTL-compatible input through which data is 
received in a serial format. Synchronization with a clock for 
detection of data is accomplished internally when clock rates 
of 16 or 64 times the bit rate are used. 


Transmit Data (Tx Data) — The Transmit Data output line 
transfers serial data to a modem or other peripheral. 


PERIPHERAL/MODEM CONTROL 


The ACIA includes several functions that permit limited 
control of a peripheral or modem. The functions included are 
Clear-to-Send, Request-to-Send and Data Carrier Detect. 


Clear-to-Send (CTS) — This high-impedance TTL- 
compatible input provides automatic control of the transmit- 
ting end of a communications link via the modem Clear-to- 
Send active low output by inhibiting the Transmit Data 
Register Empty (TDRE) status bit. 


Request-to-Send (RTS) — The Request-to-Send output 
enables the MPU to control a peripheral or modem via the 
data bus. The RTS output corresponds to the state of the 
Control Register bits CR5 and CR6. When CR6=0 or both 
CR5 and CR6=1, the RTS output is low (the active state). 
This output can also be used for Data Terminal Ready (DTR). 


Data Carrier Detect (DCD) — This high-impedance TTL- 
compatible input provides automatic control, such as in the 
receiving end of a communications link_by means of a 
modem Data Carrier Detect output. The DCD input inhibits 
and initializes the receiver section of the ACIA when high. A 
low-to-high transition of the Data Carrier Detect initiates an 
interrupt to the MPU to indicate the occurrence of a loss of 
carrier when the Receive Interrupt Enable bit is set. The 
Rx CLK must be running for proper DCD operation. 





ACIA REGISTERS 


The expanded block diagram for the ACIA indicates the in- 
ternal registers on the chip that are used for the status, con- 
trol, receiving, and transmitting of data. The content of each 
of the registers is summarized in Table 1. 


TRANSMIT DATA REGISTER (TDR) 


Data is written in the Transmit Data Register during the 
negative transition of the enable (E) when the ACIA has been 
addressed with RS high and R/W low. Writing data into the 
register causes the Transmit Data Register Empty bit in the 
Status Register to go low. Data can then be transmitted. If 
the transmitter is idling and no character is being transmit- 
ted, then the transfer will take place within 1-bit time of the 
trailing edge of the Write command. If a character is being 
transmitted, the new data character will commence as soon 
as the previous character is complete. The transfer of data 
causes the Transmit Data Register Empty (TDRE) bit to in- 
dicate empty. 


RECEIVE DATA REGISTER (RDR) 


Data is automatically transferred to the empty Receive 
Data Register (RDR) from the receiver deserializer (a shift 
register) upon receiving a complete character. This event 
causes the Receive Data Register Full bit (RDORF) in the 
status buffer to go high (full). Data may then be read 
through the bus by addressing the ACIA and selecting the 
Receive Data Register with RS and R/W high when the 
ACIA is enabled. The non-destructive read cycle causes the 
RORF bit to be cleared to empty although the data is re- 
tained in the RDR. The status is maintained by RDRF as to 
whether or not the data is current. When the Receive Data 
Register is full, the automatic transfer of data from the 
Receiver Shift Register to the Data Register is inhibited and 
the RDR contents remain valid with its current status stored 
in the Status Register. 


TABLE 1 — DEFINITION OF ACIA REGISTER CONTENTS 








RS e R/W RS eR/W 

Transmit Receive 
Data Data 

Register Register 







Data Bit 5 


Data Bit 6 





* Leading bit = LSB = Bit 0 
* Data bit will be zero in 7 bit plus parity modes 
* Data bit is ‘don't care” 


Buffer Address 











(Write Only) (Read Only) (Write Only) (Read Only) 
Data Bit 0° Data Bit O Counter Divide Receive Data Register 
Select 1 (CRO) Full (RORF) 
; 


in 7 bit plus parity modes. 
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Counter Divide 





Transmit Control 1 


Transmit Control 2 


Receive Interrupt 





RS e RW RS e R/W 










Status 
Register 


Control 
Register 





Transmit Data Register 
Empty (TORE) 
Data Carrier Detect 
(DCD) 

Clear -to- Send 
(CTS) 
Framing Error 
(FE) 
Receiver Overrun 
(OVRN) 
Parity Error (PE) 
interrupt Request 
(i{1RQ) 


Select 2.(\CR1) 


Word Select 1 
(CR2) 
Word Select 2 
(CR3) 








Word Select 3 
(CR4) 


(CR5) 


(CR6) 





Enable (CR7) 





CONTROL REGISTER 


The ACIA Control Register consists of eight bits of write- 
only buffer that are selected when RS and R/W are low. This 
register controls the function of the receiver, transmitter, in- 
terrupt enables, and the Request-to-Send peri- 
pheral/modem control output. 


Counter Divide Select Bits (CRO and CR1) — The Counter 
Divide Select Bits (CRO and CR1) determine the divide ratios 
utilized in both the transmitter and receiver sections of the 
ACIA. Additionally, these bits are used to provide a master 
reset for the ACIA which clears the Status Register (except 
for external conditions on CTS and DCD) and initializes both 
the receiver and transmitter. Master reset does not affect 
other Control Register bits. Note that after power-on or a 
power fail/restart, these bits must be set high to reset the 
ACIA. After resetting, the clock divide ratio may be selected. 
These counter select bits provide for the following clock 
divide ratios: 


+] 


+16 
+ 64 
Master Reset 





Word Select Bits (CR2, CR3, and CR4) — The Word 
Select bits are used to select word length, parity, and the 
number of stop bits. The encoding format is as follows: 








iO 
i 
w 


~o+0-0-0l8 


| CR2 











7 Bits + Even Parity + 2 Stop Bits 
7 Bits + Odd Parity +2 Stop Bits 
7 Bits + Even Parity + 1 Stop Bit 
7 Bits + Odd Parity +1 Stop Bit 
8 Bits +2 Stop Bits 

8 Bits+ 1 Stop Bit 

8 Bits + Even parity+ 1 Stop Bit 
8 Bits + Odd Parity +1 Stop Bit 


--=-43 30000 
Par ODO O-8-A8 OO! 


Word length, Parity Select, and Stop Bit changes are not 
buffered and therefore become effective immediately. 


Transmitter Control Bits (CR5 and CR6) — Two Transmit- 
ter Control bits provide for the control of the interrupt from 
the Transmit Data Register Empty condition, the Request-to- 
Send (RTS) output, and the transmission of a Break level 
(space). The aes encoding format is used: 


=low, Transmitting Interrupt Disabled. 
S = low, Transmitting Interrupt Enabled. 


S=high, Transmitting Interrupt Disabled. 


TS=low, Transmits a Break level on the 


Transmit Data Output. Transmitting Inter- 
rupt Disabled. 





Receive Interrupt Enable Bit (CR7) — The following inter- 
rupts will be enabled by a high level in bit position 7 of the 
Control Register (CR7): Receive Data Register Full, Overrun, 
or a low-to-high transition on the Data Carrier Detect (DCD) 
signal line. 


STATUS REGISTER 


Information on the status of the ACIA is available to the 
MPU by reading the ACIA Status Register. This read-only 
register is selected when RS is low and-R/W is high. Infor-. 
mation stored in this register indicates the status of the 
Transmit Data Register, the Receive Data Register and error 
logic, and the peripheral/modem status inputs of the ACIA. 


Receive Data Register Full (RDRF), Bit0 — Receive Data 
Register Full indicates that received data has been trans- 
ferred to the Receive Data Register. RDRF is cleared after an 
MPU read of the Receive Data Register or by a master reset. 
The cleared or empty state indicates that the contents of the 
Receive Data Register are not current. Data Carrier Detect 
being high also causes RDRF to indicate empty. 


Transmit Data Register Empty (TDRE), Bit 1 — The 
Transmit Data Register Empty bit being set high indicates 
that the Transmit Data Register contents have been trans- 
ferred and that new data may be entered. The low state in- 
dicates that the register is full and that transmission of a new 
character has not begun since the last write data command. 


Data Carrier Detect (DCD), Bit 2 — The Data Carrier 
Detect bit will be high when the BCD input from a modem 
has gone high to indicate that a carrier is not present. This bit 
going high causes an Interrupt Request to be generated 
when the Receive Interrupt Enable is set. It remains high 
after the DCD input is returned low until cleared by first 
reading the Status Register and then the Data Register or 
until a master reset occurs. If the DCD input remains high 
after read status and read data or master reset has occurred, 
the interrupt is cleared, the DCD status bit semaine high and 
will follow the DCD input. 


Clear-to-Send (CTS), Bit 3 — The Clear-to-Send bit in- 
dicates the state of the Clear-to-Send input from a modem. 
A low CTS indicates that there is a Clear-to-Send from the 
modem. In the high state, the Transmit Data Register Empty 
bit is inhibited and the Clear-to-Send status bit will be high. 
Master reset does not affect the Clear-to-Send status bit. 


Framing Error (FE), Bit 4 — Framing error indicates that 
the received character is improperly framed by a start and a 
stop bit and is detected by the absence of the first stop bit. 
This error indicates a synchronization error, faulty transmis- 
sion, or a break condition. The framing error flag is set or 
reset during the receive data transfer time. Therefore, this er- 
ror indicator is present throughout the time that the 


‘associated character is available. 


Receiver Overrun (OVRN), Bit 5 —. Overrun is an error flag 
that indicates that one or more characters in the data stream 
were lost. That is, a character or a number of characters 
were received but not read from the Receive Data Register 
(RDR) prior to subsequent characters being received. The 
overrun condition begins at the midpoint of the last bit of the 
second character received in succession without a read of 
the RDR having occurred. The Overrun does not occur in the 
Status Register until the valid character prior to Overrun has 
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been read. The RDRF bit remains set until the Overrun is 
reset. Character synchronization is maintained during the 
Overrun condition. The Overrun indication is reset after the 
reading of data from the Receive Data Register or by a 
Master Reset. 


Parity Error (PE), Bit 6 — The parity error flag indicates 
that the number of highs (ones) in the character does not 
agree with the preselected odd or even parity. Odd parity ts 
defined to be when the total number of ones is odd. The 
parity error indication will be present as long as the data 


character 1s in the RDR. If no parity is selected, then both the 
transmitter parity generator output and the receiver partly 
check results are inhibited. 


Interrupt Request (IRQ), Bit 7 — The IRQ bit indicates the 
state of the IRO output. Any interrupt condition with its ap- 
plicable enable will be indicated in this status bit. Anytime 
the IRQ output is low the IRQ bit will be high to indicate the 
interrupt or service request status. IRQ is cleared by a read 
operation to the Receive Data Register or a write operation 
to the Transmit Data Register. 


ORDERING INFORMATION 


EF68A50 


Device 


Package 


Screening level 


Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and screening 


level. Other possibilities on request. 


DEVICE 


EF6850 (1.0 MHz) 


EF68A50 (1.5 MHz) 


EF68B50 (2.0 MHz) 


Examples : EF6850C, EF6850CV, EF6850CM, EF6850JM 


OPER. TEMP SCREENING LEVEL 


| PACKAGE 
pe fu ter fe fen fe |v jm [sea | 0 | ce | oe | 
Ragas 


Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp. : L*: 0°C to +70°C, V: — 40°C to +85°C, M: —55°C to +125°C, *: may be omitted. 
Screening level : Std: (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 


KAKA 


(1) Nominal dimension 
(2) True geometrical position 








CB -68 





P SUFFIX 
PLASTIC PACKAGE 





C SUFFIX 
CERAMIC PACKAGE 





J SUFFIX 
CERDIP PACKAGE 


PHYSICAL DIMENSIONS 


CB-520 CB-707 





FN SUFFIX E SUFFIX 
PLCC 28 LCCC 28 









Pin 1 identification 
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ee EF6854 


a ADVANCED DATA-LINK CONTROLLER (ADLC 


@ | | ie 


MOSTEK 


The EF6854 ADLC performs the complex MPU/data communica- 
tion link function for the “Advanced Data Communication Control MOS 
Procedure’ (ADCCP), High-Level Data-Link Control (HDLC) and syn- 
chronous Data-Link Control (SDLC) standards. The ADEC provides key (N-CHANNEL, SILICON GATE) 
interface requirements with improved software efficiency. The ADLC is, 
designed to provide the data communications interface for both primary ADVANCED DATA-LINK 
and secondary stations in stand-alone, polling, and loop configurations. CONTROLLER 
@ 6800 Compatible 


@® Protocol Features 
¢ Automatic Flag Detection and Synchronization 
e Zero Insertion and Deletion 
© Extendable Address, Control and Logical Control Fields (Optional) 
¢ Variable Word Length Information Field — 5-, 6-, 7-, or 8-Bits 
¢ Automatic Frame Check Sequence Generation and Check 
© Abort Detection and Transmision 
e Idle Detection and Transmission /\ P SUFFIX 
Loop Mode Operation PLASTIC PACKAGE 
Loop Back Self-Test Mode MCCA DARE 
NRZ/NRZIi Modes 
J SUFFIX C SUFFIX 
Quad Data Buffers for Each Rx and Tx CERDIP PACKAGE CERAMIC PACKAGE 
Prioritized Status Register (Optional) 
MODEM/DMA/Loop Interface CB-520 ecard 
Three available versions :EF6854 (1.0 MHz) 


EF68A54 (1.5 MHz) sad 

EF68B54 (2.0 MHz) 

FN SUFFIX E SUFFIX 
PLCC 28 LCCC 28 


Hi-Rel versions available - See chapter 9 





PIN ASSIGNMENT 
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Input Voitage 


Operating Temperature Range 
EF6854, EF68A54,.E F68B54 


EF6854, EF68A54, 
EF68B54 : V suffix | 
EF6854, EF68A54 : M suffix: 


Thermal Resistance 
Plastic 


Ceramic 
Cerdip 
PLCC 


—0.3 to +7.0 
-—0.3 to +7.0 
(TL to Ty) 

0 to 70 


~ 40 to 85 





This device contains circuitry to protect the 
inputs against damage due to high static 
.voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum. rated voltages to this high- 
impedance circuit.. Reliability of operation is 
enhanced if unused inputs are tied to an ap- 
propriate logic voltage level (e.g., either Vss 
or Vcc). 





FIGURE 1 — ADLC GENERAL BLOCK DIAGRAM 
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Chip Select 


RSo 
































DCD 
RxC 
Zero 
RxO 
a a [. 
| -— Flag/Abort/Idle Flag 
FCS Check Detect Detect 
Flag/Abort 
FCS Generator Generator 
Transmitter piles TxD 
ns M Insertion 
Txc 
CTS 
LOC/DTR 
RTS 
RESET 


POWER CONSIDERATIONS 


The average chip-junction temperature, Tj, in °C can be obtained from: 
TJ =TA + (PD*6JA) (1) 
Where: . 
Tam Ambient Temperature, °C 
6 jAm Package Thermal Resistance, Junction-to-Ambient, °C/W 
Pp = PINT + PPORT 
PINT™ICC x Vcc, Watts — Chip Internal Power 
PPpORT™Port Power Dissipation, Watts — User Determined 


For most applications PPORT<P|NT and can be neglected. PPOoRT may become significant if the device is configured to 
drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if PPORT is neglected) is: 


Pp=K+(Ty+ 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Ppe(Ta + 273°C) + 8yaePp2 (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium) 
for a known TA. Using this value of K the values of Pp and Ty can be obtained by solving equations (1) and (2) iteratively for any 
vaiue of Ta. 


DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vde +5%, Vss=0, Ta=TL to TH unless otherwise noted) 











Characteristic Symbol [Min | Typ [Max [Unt] 
Tapa High Vonage sep - 
input Low Valtage ae ae 
Input Leakage Current (Vin = 0 to 5.25 V) AllinputsExcept00-D7{ lin’ | = - | 1.0 2.5 
Hi-Z (Off-State) input Current DO-D7 20 | 10 A 
(Vin =0.4 to 2.4 V, Voc =5.25 V) IZ ' # 
(Load = — 205 pA) 00-07] Von | Vss+2.4 V 
(Vi oad = — 100 pA) All Others Vsst+2.4 
[ae Guiput Low Vottage Wgag= TERA OO 
[Ouiput Leakage Current OW State) Von= 24] to [= Oo 
Internal Power Dissipation (measured at Ta = 0°C) | PINT | =. |. =~ |. 850* 
Capacitance 
(Vin =0, Ta = 25°C, f= 1.0 MHz) DO-D7 Cin 12.5 pF 
mes} con | - | - | to | or 
All Others out 10 P 


* For temperatures below 0°C, PinT will increase. 


AC ELECTRICAL CHARACTERISTICS (Vcc =5.0 V +5%, Vss=0, TA=T| to TH unless otherwise noted) 


es \EF6854 ||EFG68A54 || EF68B54 
Characteristic Symbol Min | 4 U 


Clock Pulse Width, Low (RxC, TxC) PWcL 
Clock Pulse Width, High (RxC, TxC) PWoH 
Serial Clock Frequency (RxC, TxC) | fsc | — | 
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Receive Data Setup Time tRDSU 
Receive Data Hold Time 


Request-to-Send Delay Time 
Clock-to-Data Delay for Transmitter 


Drpoy~s 
nln 


ca 
cal 
= 
[Flag Detect Delay Timer 
COTA Delay Time SSOSCSCSCSCSCSCSCSCSSCSCSSCSCSSY ttn 
Loop On-Line Control Delay Time ——SS—S—SS ttc 
ey 
=| 
= 
0 | 
ie 


] 
7 i) 


ROSR Delay Time tRDSR 
TDSR Delay Time '‘TDSR 


Interrupt Request Release Time 
RESET Pulse Width | tRESET | 
Input Rise and Fall Times (Except Enable) (0.8 V to 2.0 V) 


°1.0 ws or 10% of the pulse width, whichever is smaller. 
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FIGURE 2 — BUS TIMING TEST LOADS 


___ Load A Load B 
(DO-D7 RTS, TxD, RDSR, TDSR 5.0 V (TRA Oniy) 5.0 V 
FLAG DET, LOC/DTR) 
Ry =2.5 kQ 3 ko 
Test Point 1N4148 Test Point 
or Equiv. 
100 pF 
1N916° 
or equiv. , 





HK 


— —7 
~ ~ 


C= 130 pF for 00-D7 
= 30 pF for others 


R= 11.7 kQ for DO-D7 
= 24 kQ for others 


FIGURE 3 — RECEIVER DATA SETUP/HOLD, FLAG DETECT AND LOOP ON-LINE CONTROL DELAY TIMING 
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FIGURE 4 — TRANSMIT DATA OUTPUT DELAY AND REQUEST-TO-SEND DELAY TIMING 
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NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 
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FIGURE 5 — TOSR/RDSR DELAYS, IRQ RELEASE DELAY, RTS AND DTR DELAY TIMING 
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NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. 


BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 
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FRAME FORMAT 


The ADLC transmits and receives data (information or 
control) in a format called a frame. All frames start with an 
opening flag (F) and end with a closing flag (F). Between the 


opening flag and closing flag, a frame contains an address 
field, control field, information field (optional) and frame 
check sequence field. 


FIGURE 7 — DATA FORMAT OF A FRAME 


Se A Frame = ee 





8 Bits 8 Bits 
Per Byte Per Byte 


(Opening) 
Flag 


Address® 
Field 


Control® 
Field 


*Extendable (Optional) 


Flag (F) The flag is the unique binary pattern 
(01111110). It provides the frame boundary and a reference 
for the position of each field of the frame. 

The ADLC transmitter generates a flag pattern internally 
and the opening flag and closing flags are appended to a 
frame automatically. Two successive frames can share one 
flag for a closing flag of the first frame and for the opening 
flag of the next frame, if the “FF’'/‘’F’’ control bit in the con- 
trol register is reset. 

The receiver searches for a flag on a bit-by-bit basis and 
recognizes a flag at any time. The receiver establishes the 
frame synchronization with every flag. The flags mark the 
frame boundary and reference for each field but they are not 
transferred to the Rx FIFO. The deteciion of a flag is in- 
dicated by the Flag Detect output and by a status bit in the 
Status register. 


Order of Bit Transmission — Address, control and infor- 
mation field bytes are transferred between the MPU and the 
ADLC in parallel by means of the data bus. The bit on DO 
(data bus bit 0, pin 22) is serially transmitted first, and the 
first serially received bit is transferred to the MPU on DO. The 
FCS field is transmitted and received MSB first. 


Address (A) Field — The 8 bits following the opening flag 
are the address (A) field. The A-field can be extendable if the 
Auto-Address Extend Mode is selected in control register #3. 
In the Address Extend Mode, the first bit (bit 0) in every ad- 
dress octet becomes the extend control bit. When the bit is 
“Q”, the ADLC assumes another address octet will follow, 
and when the bit is ‘1’, the address extension is terminated. 
A “null” address (all ‘’0’s’’) does not extend. In the receiver, 
the Address Present status bit distinguishes the address field 
from other fields. When an address byte is available to be 
read in the receive FIFO register, the Address Present status 
bit is set and causes an interrupt (if enabled). The Address 
Present bit is set for every address octet when the Address 
Extend Mode is used. 





8 Bits 


Per Byte 


Logical Control 
Sub-Field (Option) 


= 
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Variable 
Length 
(5-8) 
Frame Check 
Sequence Field 





(Closing) 
Flag 


Information Field —+e| 


(Optional) 


Control (C) Field — The 8 bits following the address field is 
the control (link control) field. When the Extended Control 
Field bit in control register #3 is selected, the C-field is ex- 
tended to 16 bits. 


Information {1) Field — The I-field follows the C-field and 
precedes the FCS field. The I-field contains ‘‘data’’ to be 
transferred but is not always necessarily contained in every 
frame. The word length of the |-field can be selected from 5 
to 8 bits per byte by control bits in control register #4. The 
|-field will continue until it is terminated by the FCS and clos- 
ing flag. The receiver has the capability to handle a “‘partial’’ 
last byte. The last information byte can be any word length 
between 1 and 8 bits. If the last byte in the I-field is less than. 
the selected word length, the receiver will right justify the 
received bits, fill the remaining bits of the receiver shift 
register with zeros, and transfer a full byte to the Rx FIFO. 
Regardless of selected byte iength, the ADLC will transfer 8 
bits of data to the data bus. Unused bits for word lengths of 
5, 6, and 7 will be zeroed. 


Logical Control (LC) Field — When the Logical Control 
Field Select bit, in control register #3, is selected the ADLC 
separates the I|-field into two sub-fields. The first sub-field is 
the Logical Controi fieid and the following sub-field is the 
“data’’ portion of the I-field. The logical control field is 8 bits 
and follows the C-field, which is extendable by octets, if it is 
selected. The last bit (bit 7) is the extend control bit, and if it 
is a ‘’1"’, the LC-fieid is extended one octet. 


NOTE 


Hereafter the word “Information field” or ‘‘I-field’’ is 
used as the data portion of the information field, and 
excludes the logical control field. This is done in order 
to keep the consistency of the meaning of “informa- 
tion field’’ as specified in SDLC, HDLC, and ADCCP 
standards. 


Frame Check Sequence (FCS) Field — The 16 bits 
preceding the closing flag is the FCS field. The FCS is the 
“cyclic redundancy check character (CRCC)."’ The 
polynomial x16 + x12 +x5+ 1 is used both for the transmitter 
and receiver. Both the transmitter and receiver polynomial 
registers are initialized to all ‘’1’s’’ prior to calculation of the 
FCS. The transmitter calculates the FCS on all bits of the ad- 
dress, control, logical control (if selected), and information 
fields, and transmits the complement of the resulting re- 
mainder as FCS. The receiver performs the similar computa- 
tion on all bits of the address, control, logical control (if 
selected), information, and received FCS fields and com- 
pares the result to FOB8 (Hexadecimal). When the result 
matches FOB8, the Frame Valid status bit is set in the status 
register. If the result does not match, the Error status bit is 
set. The FCS generation, transmission, and checking are 
performed automatically by the ADLC transmitter and 
receiver. The FCS field is not transferred to the Rx FIFO. 


Invalid Frame — Any valid frames should have at least the 

A-field, C-field, and FCS field between the opening flag and 

«the closing flag. When invalid frames are received, the ADLC 
handles them as follows: 

1. A short frame which has less than 25 bits between 
flags — the ADLC ignores the short frame and its 
reception is not reported to the MPU. 

2. A frame less than 32 bits between the flags, or a frame 
32 bits or more with an extended A-field or C-field that 
is not completed. — This frame is transferred into the 
Rx FIFO. The FCS/IF Error status bit indicates the 
reception of the invalid frame at the end of the frame. 

3. Aborted Frame — The frame which is aborted by 
receiving an abort or DCD failure is also an invalid 
frame. Refer to ‘Abort’ and ‘‘DCD status bit’’. 


Zero Insertion and Zero Deletion — The Zero insertion and 
deletion, which allows the content of the frame to be 
transparent, are performed by the ADLC automatically. A 
binary 0 is inserted by the transmitter after any succession of 
five ‘1's’ within a frame (A, C, LC, |, and FCS field). The 
receiver deletes a binary 0 that follows successive five con- 
tinuous ‘1's’ within a frame. 


Abort — The function of prematurely terminating a data 
link is called ‘abort.’’ The transmitter aborts a frame by 
sending at least eight consecutive ‘’1's’’ immediately after 
the Tx Abort control bit in control register #4 is set toa ‘'1”. 
(Tx FIFO is also cleared by the Tx Abort control bit at the 
same time.) The abort can be extended up to (at least) 16 
consecutive ‘'1’s’’, if the Abort Extend control bit in the con- 
trol register #4 is set when an abort is sent. This feature is 
useful to force mark idle transmission. Reception of seven or 
more consecutive ‘1's’ is interpreted as an abort by the 
receiver. The receiver responds to a received abort as 
follows: 

1. An abort in an “out of frame’’ condition — an abort 
during the idle or time fill has no meaning. The abort 
reception is indicated in the status register as long as 
the abort condition continues; but neither an interrupt 
nor a stored condition occurs. The abort indication 
disappears after 15 or more consecutive ‘1's’ are 
received (Received {die status is set.) 

2. Anabort ‘in frame” after jess than 26 bits are received 
after an opening flag — under this condition, any field 
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of the aborted frame has not transferred to the MPU 
yet. The ADLC clears the aborted frame data in the 
FIFO and clears flag synchronization. Neither an inter- 
rupt nor a stored status occurs. The status indication 
is the same as (1) above. 

3. An abort ’’in frame” after 26 bits or more are received 
after an opening flag — under this condition, some 
fields of the aborted frame might have been transfer- 
red onto the data bus. The abort status is stored in the 
receiver Status register and the data. of the aborted 
frame in the ADLC is cleared. The synchronization is 
also cleared. 


Idle and Time Fill — When the transmitter is in an “out of 
frame’’ condition (the transmitter is not transmitting a 
frame), it is in an idle state. Either a series of contiguous flags 
(time fill) or a mark idle (consecutive ‘’1’s’’ on a bit-by-bit 
basis) is selected for the transmission in an idle state by the 
Flag/Mark Idle control bit. When the receiver receives 15 or 
more consecutive ‘1's’, the Receive Idie status bit is set and 
causes an interrupt. The flags and mark idle are not transfer- 
red to the Rx FIFO. 


OPERATION 


INITIALIZATION 


During a power-on sequence, the ADLC is reset via the 
RESET input and internally latched in a reset condition to 
prevent erroneous output transitions. The four control 
registers must be programmed prior to the release of the 
reset condition. The release of the reset condition is perform- 
ed via software by writing a ‘’0’’ into the Rx RS control bit 
(receiver) and/or Tx RS control bit (transmitter). The release 
of the reset condition must be done after the RESET input 
has gone high. 

At any time during operation, writing a ‘'1”’ into the Rx RS 
control bit or Tx RS control bit causes the reset condition of 
the receiver or the transmitter. 





TRANSMITTER OPERATION 


The Tx FIFO register cannot be pre-loaded when the 
transmitter is in a reset state. After the reset release, the 
Flag/Mark Idle control bit selects either the mark idle state 
(inactive idle) or the Flag ‘‘time fill’’ (active idle) state. This 
active or inactive mark idie state will continue until data is 
loaded into the Tx FIFO. 

The availability of the Tx FIFO is indicated by the TORA 
status bit under the control of the 2-Byte/1-Byte control bit. 
TDRA status is inhibited by the Tx RS bit or CTS input being 
high. When the 1-Byte mode is selected, one byte of the 
FIFO is available for data transfer when TDRA goes high. 
When the 2-Byte mode is selected, two successive bytes can 
be transferred when TDRA goes high. 

The first byte (Address field) should be written into the Tx 
FIFO at the ‘Frame Continue” address. Then the transmis- 
sion of a frame automatically starts. If the transmitter is in a 
mark idle state, the transfer of an address causes an opening 
flag within two or three transmitter clock cycles. If the 
transmitter has been in a time fill state, the current time fill 
flag being transmitted is assumed as an opening flag and the 
address field will follow it. 


FIGURE 8a — ADLC TRANSMITTER STATE DIAGRAM 
(Cjb; refers to control register bit) 


TX Reset 


FIFO Empty 
Data Being Transmitted: 
F= flag 
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Flag Idle (C2b2 = 1) 
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(link) control 
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t= information 
FCS = frame check sequence 
ABT = abort 
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FIGURE 8b — ADLC RECEIVER STATE DIAGRAM 
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(Cab3 & C4bg) 
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L.C., 
Extend 


*Out-of-frame Abort (No |RQ) 


:\ frame continues as long as data is written into the Tx 
FIFO, at the ‘Frame Continue’’ address. The ADLC internally 
keens track of the field sequence in the frame. The frame for- 
mat is described in the “FRAME FORMAT” section. 

The frame is terminated by one of two methods. The most 
efficies: way to terminate the frames from a software stand- 
pon t is to write the last data character into the Transmit 
ClF*, - Frame Terminate’ address (RS1, RSO=11) rather 
thar. the Transmit FIFO ‘Frame Continue’ address (RS1, 
3S0= 10). An alternate method is to follow the last write of 
Geta in the Tx FIFO ‘Frame Continue’ address with the set- 
ing vf the Transmit Last Data control bit. Either method 


Rx Reset 


2-49 


Abort or 
C1bg 


Set Frame Status 
(Error or Valid) 


Fiag 


| More Than 
24 Bits of Data 






C3b2 
Address Extend 


C3b4 
Control 
Extend 


causes the last character to be transmitted and the FCS field 
to automatically be appended along with a closing flag. Data 
for a new frame can be loaded into the Tx FIFO immediately 
after the old frame data, if TDRA is high. The closing Flag 
can serve as the opening Flag of the next frame or separate 
opening and closing Flags may be transmitted. If a new 
frame is not ready to be transmitted, the ADLC will 
automatically transmit the Active (Flag) or Inactive (Mark) 
idle condition. 

If the Tx FIFO becomes empty at any time during frame 
transmission (the FIFO has no data to transfer into transmit- 
ter shift register during transmission of the last half of the 


next to last bit of a word), an underrun will occur and the 
transmitter automatically terminates the frame by transmit- 
ting an abort. The underrun state is indicated by the Tx 
Underrun status bit. 

Any time the Tx ABORT Control bit is set, the transmitter 
immediately aborts the frame (transmits at least 8 con- 
secutive ‘'1's'’) and clears the Tx FIFO. If the Abort Extend 
Control bit is set at the time, an idle (at least 16 consecutive 
‘1's'’) is transmitted. An abort or idle in an ‘‘out of frame”’ 
condition can be useful to gain 8 or 16 bits of delay. (For an 
example, see ‘Programming Considerations."’) 

The CTS (Clear-to-Send) input and RTS (Request-to- 
Send) output are provided for a MODEM or other hardware 
interface. 

The TDRA/FC status bit (when selected to be Frame 
Complete Status) can cause an interrupt upon frame com- 
pletion (i.e., a flag or abort completion). 

Details regarding the inputs and outputs, status bits, con- 
trol bits, and FIFO operation are described in their respective 
sections. 


RECEIVER OPERATION 


Data and a pre-synchronized clock are provided to the 
ADLC receiver section by means of the Receive Data (RxD) 
and Receive Clock (RxC) inputs. The data is a continuous 
stream of binary bits with the characteristic that a maximum 
of five ‘1's’ can occur in succession unless Abort, Flag, or 
Idling condition occurs. The receiver continuously (on a bit- 
by-bit basis) searches for Flags and Aborts. 

When a flag is detected, the receiver establishes frame 
synchronization to the flag timing. If a series of flags is 
received, the receiver resynchronizes to each flag. 

If the frame is terminated before the internal buffer time 
expires (the frame data is less than 25 bits after an opening 
flag), the frame is simply ignored. Noise on the data input 
(RxD) during time fill can cause this kind ‘of invalid frame. 

The received serial data enters a 32-bit shift register (clock- 
ed by RxC) before it is transferred into the Rx Data FIFO. 
Synchronization is established when a Flag is detected in the 
first eight locations of the shift register. Once synchroniza- 
tion has been achieved, data is clocked through to the last 
byte location of the shift register where it is transferred byte- 
per-byte into the Rx Data FIFO. The Rx Data FIFO is clocked 
by E to cause received data to move through the FIFO to the 
last empty register location. The Receiver Data Available 
status bit (RDA) indicates when data is present in the last 
register (Register #3) for the 1-Byte Transfer Mode. The 
2-Byte Transfer Mode causes the RDA status bit to indicate 
data is available when the last two FIFO register locations 
(Registers #2 and #3) are full. If the data character present in 
the FIFO is an address octet, the status register will exhibit 
an Address Present status condition. Data being available in 
the Rx Data FIFO causes an interrupt to be initiated (assum- 
ing the receiver interrupt is enabled, RIE=‘'1"'). The MPU 
will read the ADLC Status Register as a result of the interrupt 
or in its turn in a polling sequence. RDA or Address Present 
will indicate that receiver data is available and the MPU 
should subsequently read the Rx Data FIFO register. The in- 
terrupt and status bit will then be reset automatically. if more 
than one character had been received and was resident in the 
Rx Data FIFO, subsequent E clocks will cause the FIFO to 
update and the RDA status bit and interrupt will again be 
SET. In the 2-Byte Transfer Mode both data bytes may be 
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read on consecutive E cycles. Address Present provides for 1 
byte transfers only. 

The sequence of each field in the received frame is 
automatically handled by the ADLC. The frame format is 
described in the ‘FRAME FORMAT" section. 

When a closing flag is received, the frame is terminated. 
The 16 bits preceding the closing flag are regarded as the 
FCS and are not transferred to the MPU. Whatever data is 
present in the most-significant byte portion of the receiver 
buffer register it is right justified and transferred to the Rx 
FIFO. The frame boundary pointer, which is explained in the 
“Rx FIFO REGISTER” section, is set simultaneously in the 


‘Rx FIFO. The frame boundary pointer sets the Frame Valid 


status bit (when the frame was completed with no error) or 
the FCS/IF Error Status bit (when the frame was completed 
with error) when the last byte of the frame appears at the last 
location of the Rx FIFO. As long as the Frame Valid or 
FCS/IF Error status bit is set, the data transfer from the 
second location of the Rx FIFO to the last location of the Rx 
FIFO is inhibited. 

Any time the Frame Discontinue control bit is set, the 
ADLC discards the current frame data in the ADLC without 
dropping flag synchronization. This feature can be used to 
ignore a frame which is addressed to another station. 

The reception of an abort or idle is explained in the 
“FRAME FORMAT" section. The details regarding the in- 
puts, outputs, status bits, control bits, and Rx FIFO opera- 
tion are described in their respective sections. 


LOOP MODE OPERATION 


The ADLC in the loop mode, not only performs the 
transmission and receiving of data frames in the manner 
previously described, but also has additional features for 
gaining and relinquishing loop control. In Figure 9a, a con- 
figuration is shown which depicts loop mode operation. The 
system configuration shows a primary station and several 
secondary stations. The loop is always under control of the 
primary station. When the primary wants to receive data, it 
transmits a Poll sequence and allows frame transmission to 
secondary stations on the loop. Each secondary is in series 
and adds one bit of delay to the loop. Secondary A in the 
figure receives data from the primary via its Rx Data Input, 
delays the data 1 bit, and transmits it to secondary B via its 
Tx Data Output. Secondaries B, C, and D operate in a similar 
manner. Therefore, data passes through each secondary and 
is received back by the primary controller. 

Certain protocol rules must be followed in the manner by 
which the secondary station places itself on-loop (connects 
its transmitter output to the loop), goes active on the loop 
(starts transmitting its own station's data on the loop), and 
goes off the loop (disconnects its transmitter output). Other- 
wise loop data to other stations down loop would be in- 
terfered. The data stream always flows the same way and 
the order in which secondary terminals are serviced is deter- 
mined by the hardware configuration. The primary controller 
times the delay through the loop. Should it exceed n+ 1 bit 
times, where n is the number of secondary terminals on the 
loop, it will indicate a loop failure. Control is transferred to a 
secondary by transmitting a ‘Go Ahead” signal following the 
closing Flag of a polling frame (request for a response from 
the secondary) from the primary station. The ‘‘Go Ahead’ 
from the primary is a ‘'0’’ and seven ‘’1's’”’ followed by mark 


FIGURE 9a — TYPICAL LOOP CONFIGURATION 
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FIGURE 9b — EXAMPLE OF EXTERNAL LOOP LOGIC 





idling. The primary can abort its response request by inter- 
rupting its idle with flags. The secondary should immediately 
stop transmission and return control back to the primary. 
When the secondary completes its frame, a closing flag is 
transmitted followed by all ‘’1’s’’. The primary detects the 
final 01111111...("Go Ahead’’ to the primary) and control is 
given back to the primary. Note that, if a down-loop secon- 
dary (e.g., station D) needs to insert information following 
an up-loop station (e.g., station A), the go ahead to station 
D is the last ‘0’ of the closing flag from station A followed 
by ‘1's’. 

The ADLC in the primary station should operate in a non- 
loop full-duplex mode. The ADLC in the secondaries should 
operate in a loop mode, monitoring up-loop data on its 
receiver data input. The ADLC can recognize the necessary 
sequences in the data stream to automatically go on/off the 
loop and to insert its own station data. The procedure is the 
following and is summarized in Table 1. 


(1) Go On-Loop — When the ADLC powers up, the ter- 
minal station will be off line. The first task is to become an 
active terminal on the loop. The ADLC must be connected to 
a Loop Link via an external switch as shown in Figure Ya. 
After a hardware reset, the ADLC LOC/DTR Output will be 
in the high state and the up-loop receive data repeated 
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UP-Loop Data 


Down Loop Data 


through gate A to the down Loop stations. Any Up-Loop 
transmission will be received by the ADLC. The Loop 
Mode/Non-Loop Mode Control bit (bit 5 in Control Register 
3) must be set to place the ADLC in the Loop Mode. The 
ADLC now monitors its Rx Data input for a string of seven 
consecutive ‘'1’s'’ which will allow a station to go on line. 
The Loop operation may be monitored by use of the Loop 
Status bit in Status Register 1. After power up and reset, this 
bit is a zero. When seven consecutive ‘’1’s’’ are received by 
the ADLC the LOC/DTR output will go to a low level, disabl- 
ing gate A (refer to Figure 9b), enabling gate B and connec- 
ting the ADLC Tx Data output to the down Loop stations. 
The up Loop data is now repeated to the down Loap stations 
via the ADLC. A 1-bit delay is inserted in the data (in NRZI 
mode, there will be a 2-bit delay) as it circulates through the 
ADLC. The ADLC is now on-line and the Loop Status bit in 
Status Register 1 will be at a one. 


(2) Go Active after Poll — The receiver section will monitor 
the up-link data for a general or addressed poll command 
and the Tx FIFO should be loaded with data so that when the 
go ahead sequence of a zero followed by seven ‘1's’ 
(01111111---) is detected, transmission can be initiated im- 
mediately. When the polling frame is detected, the Go- 
Active-On-Poll control bit must be set (bit 6 in Control 


TABLE 1 — SUMMARY OF LOOP MODE OPERATION 


RX SECTION 


STATE 


OFF-LOOP 


Rx section recelves data from loop and searches 
for 7 ‘1's’ (when On-Loop Control bit set) to go 
ON-LOOP. 


ON-LOOP 1) When Go-Active on poll bit Is set, Rx section 
searches for 01111111 pattern (the EOP or ‘Go 
Ahead’) to become the active terminal on the 
loop. 

2) When On-Loop control bit is reset, Rx section 

searches for 8 ‘‘1’s’' to go OF F-Loop. 
Rx section searches for flag (an interrupt from the 
loop controller) at Rx data input. Received flag 
causes FD output to go low. IRQ is generated If 


TX SECTION 


Inactive 

1) NRZ MODE. Tx data output is maintained 
“high” (mark). 

2) NRZ!I MODE. Tx data output reflects the Rx 


data input state delayed by one| 


bit time. (Not normally con- 
nected to loop.) The NRZI deta 
Is Internaily decoded to provide 
error-free transitions to On-Loop 
mode, 


Inactive 

1) NRZ MODE, Tx data output reflects Rx data 
Input state delayed one bit time. 

2) NRZ!I MODE. Tx data output reflects Rx data 
Input state delayed 2 bit times. 


Tx data originates within ADLC until Go Active on 
Poll bit is reset and a fiag or Abort is completed. 
Then returns to ON-Loop state. 


LOOP 
STATUS BIT 


RIE and FDSE control bits are set. 


ACTIVE 


Register 3). A maximum of seven bit times are available to 
set this control bit after the closing flag of the poll. When the 
Go-Ahead is detected by the receiver, the ADLC will 
automatically change the seventh one to a zero so that the 
repeated sequence out gate B in Figure 9b is now an opening 
flag sequence (011111110). Transmission now continues 
from the Tx FIFO with data (address, control, etc.) as 
previously described. When the ADLC has gone active-on- 
poll, the Loop Status bit in Status Register 1 will go to a 
zero. The receiver searches for a flag, which indicates that 
the primary station is interrupting the current operation. 


(3) Go Inactive when On-Loop — The Go-Active-On-Poll 
control bit may be RESET at any time during transmission. 
When the frame is complete (the closing Flag or abort is 
transmitted), the Loop is automatically released and the sta- 
tion reverts back to being just a 1-bit delay in the Loop, 
repeating up-link data. If the Go-Active-On-Poll control bit is 
not reset by software and the final frame is transmitted 
(Flag/Mark Idle bit=0), then the transmitter wiii mark idle 
and will not release the loop to up-loop data. A Tx Abort 
command would have to be used in this case in order to go 
~ inactive when on the loop. Also, if the Tx FIFO was not 
preloaded with data (address, control, etc.) prior to chang- 
ing the ‘’Go Ahead Character”’ to a Flag, the ADLC will either 
transmit flags (active idle character) until data is loaded 
(when Flag/Mark Idle Control bit is high) or will go into an 
underrun condition and transmit an Abort (when Flag/Mark 
Idle control bit is low). When an abort is transmitted, the Go- 
Active-on-Poll control bit is reset automatically and the 
ADLC reverts to its repeating mode, (TxD= delayed RxD). 
When the ADLC transmitter lets go of the loop, the Loop 
Status bit will return to a ‘'1", indicating normal on-loop 
retransmission of up-loop data. 
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(4) Go Off-Loop — The ADLC can drop off the Loop (go 
off-line) similar to the way it went on-line. When the Loop 
On-Line control bit is reset the ADLC receiver section looks 
for eight successive ‘’1's’”’ before allowing the LOC/DTR out- 
put to return high (the inactive state). Gate A in Figure 9b 
will be enabled and gate B disabled allowing the loop to 
maintain continuity without disturbance. The Loop Status 
bit will show an off-line condition (logical zero). 


SIGNAL DESCRIPTIONS 


All inputs of ADLC-: are high-impedance and TTL- 
compatible level inputs. All outputs of the ADLC are com- 
patible with standard TTL. Interrupt Request (IRQ), 
however, is an open-drain output (no internal pullup). 


INTERFACE FOR MPU 


Bidirectional Data Bus (D0-D7) — These data bus |/O 
ports allow the data transfer between ADLC and system bus. 
The data bus drivers are three-state devices that remain in 
the high-impedance (off) state except when the MPU per- 
forms an ADLC read operation. 


Enable Clock (E) — E activates the address inputs (CS, 
RSO, and RS1) and R/W input and enables the data transfer 
on the data bus. E also moves data through the Tx FIFO and 
Rx FIFO. E should be a free-running clock such as the 
EF6800 MPU system clock. 


Chip Select (CS) — An ADLC read or write operation is 
enabled only when the CS input is low and the E clock input 
is high. (EeCS). 


Register Selects (RSO, RS1) — When the Register Select 
inputs are enabled by (E*CS), they select internal registers in 
conjunction with the Read/Write input and Address Control 
bit (control register 1, bit 0). Register addressing is defined in 
Table 2. 


Read/Write Control Line (R/W) — The R/W input con- 
trols the direction of data flow on the data bus when it is 
enabled by (E*CS). When R/W is high, the |/O Buffer acts 
as an output driver and as an input buffer when low. It also 
selects the Read Only and Write Only registers within the 
ADLC. 


Reset Input (RESET) — The RESET input provides a 
means of resetting the ADLC from a hardware source. In the 
“low state,” the RESET input causes the following: 

“Rx Reset and Tx Reset are SET causing both the Receiv- 
er and Transmitter sections to be held in a reset condi- 
tion. 

"Resets the following control bits: Transmit Abort, RTS, 
Loop Mode, and Loop On-Line/DTR. . 

*Clears all stored status condition of the status registers. 

“Outputs: RTS and LOC/DTR go high. TxD goes to the 
mark state (‘'1's’’ are transmitted). 

When RESET returns ‘‘high’’ (the inactive state) the 
transmitter and receiver sections will remain in the reset state 
until Tx Reset and Rx Reset are cleared via the data bus 
under software control. The Control Register bits affected by 
RESET cannot be changed when RESET is “‘low."’ 





Interrupt Request Output (IRQ) — IRQ will be low if an in- 
terrupt situation exists and the appropriate interrupt enable 
has been set. The interrupt remains as long as the cause for 
the interrupt is present and the enable is set. IRQ will be low 
as long as the IRQ status bit is set and is high if the IRQ 
Status bit is not set. 


CLOCK AND DATA OF TRANSMITTER AND RECEIVER 


Transmitter Clock Input (TxC) — The transmitter shifts 
data on the negative transition of the TxC clock input. When 
the Loop Mode or Test Mode is selected, TxC should be the 
same frequency and phase as the RxC clock. The data rate of 
the transmitter should not exceed the E frequency. 


Receiver Clock Input (RxC) — The receiver samples the 
data on the positive transition of the RxC clock. RxC should 
be synchronized with receive data externally. 


Transmit Data Output (TxD) — The serial data from the 
transmitter is coded in NRZ or NRZI (Zero Complement) data 
format. 


Receiver Data Input (RxD) — The serial data to be re- 
ceived by the ADLC can be coded in NRZ or NRZI (Zero 
Complement) data format. The data rate of the receiver 
should not exceed the E frequency. If a partial byte reception 
is possible at the end of a frame, the maximum data rate of 
the receiver is indicated by the following relationship: 


frxCs erent Meee 
2teE + 300 ns 


where te is the period of E. 
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PERIPHERAL/MODEM CONTROL 


Request-to-Send Output (RTS) — The Request-to-Send 
output is controlled by the Request-to-Send contro! bit in 
conjunction with the state of the transmitter section. When 
the RTS bit goes high, the RTS 'S output is forced low. When 
the RTS bit returns low, the RTS output remains low until 
the end of the frame and there is no further data in the Tx 
FIFO for a new frame. The positive transition of RTS occurs 
after the completion of a Flag, an Abort, or when the RTS 
control bit is reset during a mark idling state. When the 
RESET input is low, the RTS output goes high. 





Clear-to-Send Input (CTS) — The CTS input provides a 
real-time inhibit to the TDRA status bit and its associated in- 
terrupt. The positive transition of CTS is stored within the 
ADLC to ensure its occurrence will be acknowledged by the 
system. The stored CTS information and its associated IRO 
(if enabled) are cleared by writing a ‘'1”’ in the Clear Tx 
Status bit or in the Transmitter Reset bit. 


Data-Carrier-Detect Inupt (DCD) — The DCD input pro- 
vides a real-time inhibit to the receiver section. A high level 
on the DCD input resets and inhibits the receiver register, 
but data in the Rx FIFO from a previous frame is not disturb- 
ed. The positive transition of DCD is stored within the ADLC 
to ensure that its occurrence will be acknowledged by the 
system. The stored DCD information and its associated IRO 
(if enabled) are cleared by means of the Clear Rx Status Con- 
trol bit or by the Rx Reset bit. 


_loop On-Line Control/Data Terminal Ready Output 
(LOC/DTR) — The LOG/OTR output serves as a DTR out- 
put in the non-loop mode of as a Loop Control output in the 
loop mode. When LOC/DTR output performs the DTR func- 
tion, it is turned on and off by means of the COC/DTR con- 
trol bit. When the LOC/DTR control bit is it is high the DTR out- 
put will be low. In the loop mode the LOC/DTR output pro- 
vides the means of controlling the external loop interface 
hardware to go On-line or Off-line. When the LOC/DTR con- 
trol bit is SET and the loop has “‘idled”’ for 7 bit times or more 
(RxD =01111111...), the LOC/DTR output will go low (on- 
line). The RESET input being low will cause the LOC/DTR 
output to be high. 


Flag Detect Output (FD) — An output to indicate the 
reception of a flag and initiate an external time-out counter 
for the loop mode operation. The FD output goes low for 1 
bit time beginning at the last bit of the flag character, as 
sampled by the receiver clock (RxC). 


DMA INTERFACE 


Receiver Data Service Request Output (RDSR) — The 
RDSR Output is provided primarily for use in DMA Mode 
operation and indicates (when high) that the Rx FIFO re- 
quests service (RSDR output reflects the RDA status bit 
regardless of the state of the RDSR mode control bit in 
CR1). If the prioritized Status Mode is selected, RDSR will 
be inhibited when any other receiver status conditions are 
present. RDSR goes low when the Rx FIFO is read. 


Transmitter Data Service Request Output (TDSR) — The 
TDSR Output is provided for DMA mode operation and in- 
dicates (when high) that the Tx FIFO request service 
regardless of the state of the TDSR Mode Control bit in CR1. 
TDSR goes low when the Tx FIFO is loaded. TDSR is in- 
hibited by: the Tx RS control bit being SET, RESET being 
low, or CTS being high. If the prioritized status mode is us- 
ed, Tx Underrun also inhibits TOSR. TDSR reflects the 
TDRA status bit except in the FC mode. In the FC mode the 
TDSR line is inhibited. 


ADLC REGISTERS 


Eight registers in the ADLC can be accessed by means of 
the MPU data and address buses. The registers are defined 
as read-only or write-only according to the direction of infor- 
mation flow. The addresses of these registers are defined in 
Table 2. The transitter FIFO register can be accessed by two 
different addresses, the ‘Frame Terminate’ address and the 
"Frame Continue” address. (The function of these addresses 
are discussed in the FIFO section.) 


TABLE 2 — REGISTER ADDRESSING 


Register Selected 


Write Control Register #1 


Control Bit 


Write Control Register #3 

Write Transmit FIFO 
(Frame Continue) 

Write Transmit FIFO 





RECEIVER DATA FIRST-IN FIRST-OUT REGISTER 

Rx FIFO — The Rx FIFO consists of three 8-bit registers 
which are used for the buffer storage of received data. Data 
bytes are always transferred from a full register to an adja- 
cent empty register; and both phases of the E input clock are 


used for the data transfer. Each register has pointer bits 
which point the frame boundary. When these pointers ap- 
pear at the last FIFO location, they update the Address Pre- 
sent, Frame Valid, or FCS/IF Error status bits. . 

The RDA status bit indicates the state of the Rx FIFO. 
When RDA status bit is ‘‘1’’, the Rx FIFO is ready to be read. 
The RDA status is controlled by the 2-Byte/1-Byte control 


‘bit. When overrun occurs, the data in the first byte of the Rx 
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FIFO are not longer valid. 

Both the Rx Reset bit and RESET input clear the Rx FIFO. 
Abort (‘in Frame’’) and a high level on the DCD input also 
clears the Rx FIFO, but the last bytes of the previous frame, 
which are separated by the frame boundary pointer, are not 
disturbed. 


TRANSMITTER DATA FIRST-IN FIRST-OUT REGISTER 


Tx FIFO — The Tx FIFO consists of three 8-bit registers 
which are used for buffer storage of data to be transmitted. 
Data is always transferred from a full register to an empty ad- 
jacent register; the transfer occurs on both phases of the E 
input clock. The Tx FIFO can be addressed by two different 
register addresses, the ‘Frame Continue” address and the 
“Frame Terminate” address. Each register has pointer bits 
which point to the frame boundary. When a data byte is writ- 
ten at the "Frame Continue” address, the pointer of the first 
FIFO register is set. When a data byte is written at the 
“Frame Terminate’ address, the pointer of the first FIFO 
register is reset. Rx RS control bit or Tx Abort control bit 
resets all pointers. The pointer will shift through the FIFO. 
When a positive transition is detected at the third location of 
FIFO, the transmitter initiates a frame with an cpen flag. 
When the negative transition is detected at the third location 
of FIFO, the transmitter closes a frame, appending the FCS 
and closing Flag to the last byte. 

The Tx last control bit can be used instead of using the 
“Frame Terminate’ address. When the Tx last control bit is 
set with a ‘’1’’, the logic searches the last byte location in the 
FIFO and resets the pointer in the FIFO register. 

The status of Tx FIFO is indicated by the TDRA status bit. 
When TDRA is ‘'1’, the Tx FIFO is available for loading data. 
The TDRA status is controlled by the 2-Byte/1-Byte control 
bit. The Tx FIFO is reset by both Tx Reset and RESET input. 
During this reset condition or when CTS input is high, the 
TDRA status bit is suppressed and data loading is inhibited. 





Read Only Registers 


Write Only Registers 


RS1 RSO = 00 RS1 RSO = 01 RS1 RSO = 10 


Bit #] Status Register #1 Status Register #2 


RDA 


Status #2 
Read Request 


Loop 


Fiag Detected 
(When Enabled) 


CTS 
Tx Underrun 


TDORA/Frame 
Complete 


{RQ Present 


Address Control (AC) 


Receiver Interrupt 
Enable (RIE) 


Transmitter Interrupt 
Enable (TIE) 


ROSR Mode (DMA) 
TDSR Mode (DMA) 


Rx Frame 
Discontinue 


Rx RESET 
Tx RESET 


ADLC INTERNAL REGISTER STRUCTURE 


Address Present 
Frame Valid 


Inactive Idle Received 


Abort Received 


FCS Error 


DCD 


Rx Overrun 


RDA (Receiver Data Available) 


Prioritized Status 
Enable 


2 Byte/1 Byte 
Transfer 


Flag/Mark Idle 
Frame Complete/ 
TDRA Select 
Transmit Last Data 


CLR Rx Status 


CLR Tx Status 
RTS Control 


Control! Register #3 
(Cybg = 1) 


Logical Control 
Field Select 


Extended Control 
Field Select 


Auto, Address 
Extension Mode 


01/11 Idle 


Flag Detected 
Status Enable 


Loop/Non-Loop Mode 
Go Active on Poll/Test 


Loop On-Line 
Control DTR 
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(Continue Data) 


RS1 RSO = 11 


Receiver Data 
Register 


Same as RS1, RSO= 10 


Transmitter Transmitter | 
Data Data | 


Control Register #4 
(Cbg = 1) 
Double Flag/Single 


Flag Interframe 
Control 


Word Length Select 
Transmit #1 


Word Length Select 
Transmit #2 

Word Length Select 
Receive #1 

Word Length Select 
Receive #2 


Transmit Abort 


(Last Data) 
(C7bo = 0) 


Abort Extend 
NRZUNRZ 





CONTROL REGISTERS 


CONTROL REGISTER 1 (CR1) 


RS1 RSO R/W AC 
0 0 0 xXx 


bO — Address Control (AC) — AC provides another RS 
(Register Select) signal internally. The AC bit is used in con- 
junction with RSO, RS1, and R/W inputs to select particular 
registers, as shown in Table 2. 


b1 — Receiver Interrupt Enable (RIE) -— RIE 
enables/ disables the interrupt request caused by the receiver 
section. 1...enable, 0...disable. 


b2 — Transmitter Interrupt Enable (TIE) -— TIE 
enables/disables the interrupt request caused by the 
transmitter. 1...enable, 0...disable. 


b3 — Receiver Data Service Request Mode (RDSR 
MODE) — The ROSR MODE bit provides the capability of 
operation with a bus system in the DMA mode when used in 
conjunction with the prioritized status mode. When RDSR 
MODE is set, an interrupt request caused by RDA status is 
inhibited, and the ADLC does not request data transfer via 
the IRQ output. 


b4 — Transmitter Data Service Request Mode (TDSR 
MODE) — The TOSR MODE bit provides the capability of 
operation with a bus system in the DMA mode when used in 
conjunction with the prioritized status mode. When TDSR 
MODE is set, an interrupt request caused by TDRA status is 
inhibited, and the ADLC does not request a data transfer via 
the IRQ output. 
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aie Discontinue TDSR RDSR TIE 
Mode Mode 





b&S — Rx Frame Discontinue (DISCONTINUE) — When 
the DISCONTINUE bit is set, the currently received frame is 
ignored and the ADLC discards the data of the current 
frame. The DISCONTINUE bit only discontinues the current- 
ly received frame and has no affect on subsequent frames, 
even if a following frame has entered the receiver section. 
The DISCONTINUE bit is automatically reset when the last 
byte of the frame is discarded. When the ignored frame is 
aborted by-receiving an Abort or DCD failure, the DISCON- 
TINUE bit is also reset. 


b6 — Receiver Reset (Rx RS) — When the Rx RS bii is 
4", the receiver section stays in the reset condition. All 
receiver sections, including the Rx FIFO register and the 
receiver status bits in both status registers, are reset. (During 
reset, the stored DCD status is reset but the DCD status bit 
follows the DCD input.) Rx RS is set by forcing a low level on 
the RESET input or by writing a ‘1’ into the bit from the 
data bus. Rx RS must be reset by writing a ‘’0’’ from the data 
bus after RESET has gone high. - 


b7 — Transmitter Reset (Tx RS) — When the Tx RS bit is 
“1'" the transmitter section stays in the reset condition and 
transmits marks (''1's’’). All transmitter sections, including 
the Tx FIFO and the transmitter status bits, are reset (FIFO 
cannot be loaded). During reset, the stored CTS status is 
reset but the CTS status bit follows the CTS input. Tx RS is 
set by forcing a low level on the RESET input or by writing a 
‘1’ from the data bus. It must be reset by writing a ‘’0"’ after 
RESET has gone high. 


CONTROL REGISTER 2 (CR2) 


RS1 RSO R/W AC 
9) 1 0 


bO — Prioritized Status Enable (PSE) — When the PSE bit 
is SET, the status bits in both status registers are prioritized 
as defined in the Status Register section. When PSE is low, 
the status bits indicate current status without bit suppression 
by other status bits. The exception to this rule is the CTS 
Status bit which always supresses the TDRA status. 


b1 — 2-Byte/1-Byte Transfer (2/1 Byte) — When the 2/1 
Byte bit is RESET the TDRA and RDA status bits then will in- 
dicate the availability of their respective data FIFO registers 
for a single-byte data transfer. Similarly, if 2/1 Byte is set, 
the TDRA and RDA status bit indicate when two bytes of 
data can be moved without a second status read. 


b2 — Flag/Mark Idle Select (F/M Idle) — The F/M idle bit 
selects Flag characters or bit-by-bit Mark Idle for the time fill 
or the idle state of the transmitter. When Mark Idle is 
selected, Go-Ahead code can be generated for loop opera- 
tion in conjunction with the 01/11 Idle control bit (C3b3). 
1...Flag time fill, 0...Mark Idle. 


b3 — Frame Complete/TDRA Select (FC/TDRA 
Select) — The FC/TDRA Select bit selects TDRA status or 
FC status for the TDRA/FC status bit indication. 1...FC 
status, 0...TDRA status. 


b4 — Transmit Last Data (Tx Last) — Tx Last bit provides 
another method to terminate a frame. This bit should be set 
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FC/TDRA F/M 2/1 
TxST RxST Last Select Idle Byte 





after loading the last data byte and before the Tx FIFO emp- 
ties. When the Tx Last bit is set, the ADLC assumes the byte 
is the last byte and terminates the frame by appending CRCC 
and a closing Flag. This control bit is useful for DMA opera- 
tion. Tx Last bit automatically returns to the ‘0’ state. 


b5 — Clear Receiver Status (CLR Rx ST) — When a‘'1” is 
written into the CLR Rx ST bit, a reset signal is generated for 
the receiver status bits in status registers #1 and #2 (except 
AP and RDA bits). The reset signal is enabled only for the 
bits which have been present during the last ‘read status” 
operation. The CLR Rx ST bit automatically returns to the 
0" state. 


b6 — Clear Transmitter Status (CLR Tx ST) — When a 
“T" is written into CLR Tx ST bit, a reset signal is generated 
for the transmitter status bits in status register #1 (except 
TDRA). The reset signal is enabled for the bits which have 
been present during the last “read status’’ operation. The 
CLR Tx ST bit automatically returns to the ‘‘0”’ state. 


b7 — Request-to-Send Control (RTS) — The RTS bit, 
when high, causes the RTS output to be low (the active 
state). When the RTS bit returns low and data is being 
transmitted, the RTS output remains tow until the last 
character of the frame (the closing Flag or Abort) has been 
completed and the Tx FIFO is empty. If the transmitter is idl- 
ing when the RTS bit returns low, the RTS output will go 
high (the inactive state) within two bit times. 


CONTROL REGISTER 3 (CR3) 


RS1 RSO R/W AC 
0 1 1 


bO — Logical Control Field Select (LCF) — The LCF select 
bit causes the first byte(s) of data belonging to the informa- 
tion field to remain 8-bit characters until the logical control 
field is complete. The logical control field (when selected) is 
an automatically extendable field which is extended when bit 
7 of a logical control character is a '’1.’’ When the LCF Select 
bit is reset the ADLC assumes no logical control field is pre- 
sent for either the transmit or received data channels. When 
the logical control field is terminated, the word length of the 
information data is then defined by WLS1 and WLS3. 


b1 — Extended Control Field Select (Cex) — When the 
Cex bit is a ‘’1’’, the control field is extended and asusmed to 
be 16 bits. When Cex is ‘0’, the control field is assumed to 
be 8 bits. 


b2 — Auto/Address Extend Mode (Agx) — The Agx bit 
when “low” allows full 8 bits of the address octet to be utiliz- 
ed for addressing because address extension is inhibited. 
When the Aex bit is “high,” bit O of address octet equal to 
“0 causes the Address field to be extended by one octet. 
The exception to this automatic address field extension is 
when the first address octet is all ‘‘O’s’’ (the Null Address). 


b3 — 01/11 Idle (01/11 Idle) — The 01/11 Idle Control bit 
determines whether the inactive (Mark) idle condition begins 
with a ‘’0” or not. If the 01/11 Idle Control is SET, the closing 
flag (or Abort) will be followed by a 011111...pattern. This is 
required of the controller for the ‘Go Ahead” character in 
the Loop Mode. When 01/11 is RESET, the idling condition 
will be all ‘’1’s’’. 


b4 — Flag Detect Status Enable (FDSE) — The FDSE bit 
enables the FD status bit in Status Register #1 to indicate the 
occurrence of a received Flag character. The status indica- 
tion will be accompanied by an interrupt if RIE is SET. Flag 
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Idle 





detection will cause the Flag Detect output to go low for 1 bit 
time regardless of the state of FDSE. 


b5 — LOOP/NON-LOOP Mode (LOOP) — When the 
LOOP bit is set, loop mode operation is selected and the 
GAP/TST control bit, LOC/DTR control bit and LOC/DTR 
output are selected to perform the loop control functions. 
When LOOP is reset, the ADLC operates in the point-to- 
point data communications mode. 


b6 — Go Active On Poil/Test (GAP/TST) — /n the Loop 
Mode — The GAP/TST bit is used to respond to the poll se- 
quence and to begin transmission. When GAP/TST is set, 
the receiver searches for the "Go Ahead” (or End of Poll, 
EOP). The receiver ‘’Go ahead” is converted to an opening 
Flag and the ADLC starts its own transmission. When 
GAP/TST is reset during the transmission, the end of the 
frame (the completion of Flag or Abort) causes the termina- 
tion of the ‘‘go-active-on-poll” operation and the Rx Data to 
Tx Data link is re-established. The ADLC then returns to the 
‘toop-on-line” state. 

In the Non-Loop Mode — The GAP/TST bit is used for 
self-test purposes. If GAP/TST bit is set, the TxD output is 
connected to the RxD input internally, and provides a “‘loop- 
back’’ feature. For normal operation, the GAP/TST bit 
should be reset. 


b7 — Loop On-Line Control/DTR Control (LOC/DTR) — 
In the Loop Mode — The LOC/DTR bit is used to go on-line 
or to go off-line. When LOC/DTR is set, the ADLC goes to 
the on-line state after 7 consecutive ‘'1's’’ occur at the RxD 
input. When LOC/DTR is reset, the ADLC goes to the ‘‘off- 
line’’ state after eight consecutive ‘1’s’’ occur at the RxD in- 
put. 

In the Non-Loop Mode — The LOC/DTR bit directly con- 
trols the Loop On-Line/DTR output state. 1...DTR output 
goes to low level, 0...DTR output goes to high level. 






CONTROL REGISTER 4 (CR4) 











ABTEX ABT Tx WEEE 
WLS? WLS; | WLS2 WLS 
1 


7 5 nee 
Rx 


NRZI/NRZ 


RS1 RSO R/W AC 
1 1 Oo 1 


bO -— Double Fiag/Single Fiag Interframe Control 1-bit delay is added to the transmitted data (TxD) to allow for 
(CFFC/“F"’) — The “FF’/"F’ Control bit determines NRZI encoding. 1...NRZI, 0...NRZ. 
whether the transmitter will transmit separate closing and 
opening Flags when frames are transmitted successively. NOTE 
When the "FF’’/’'F” control bit is low, the closing flag of the NRZ! coding — The serial data remains in the same 
first frame will serve as the opening flag of the second frame. state to send a binary ‘'1"’ and switches to the op- 
When the bit is high, independent opening and closing flags posite state to send a binary '0’’. 


will be transmitted. 


b1, b2 — Transmitter Word Length Select (Tx WLS1 ad STATUS REGISTER 
WLS2) — Tx WLS1 and WLS2 are used to select the wora 
length of the transmitter information field. The encoding for- 
mat is shown in Table 3. 


The Status Register #1 is the main status register. The IRQ 
bit indicates whether the ADLC requests service or not. The 
S2RQ bit indicates whether any bits in status register #2 re- 
quest any service. TDRA and RDA, because they are most 
often used, are located in bit positions that are more conve- 
nient to test. RDA reflects the state of the RDA bit in status 
register #2. 

The Status Register #2 provides the detailed status infor- 
mation contained in the S2RQ bit and these bits reflect 
receiver status. The FD bit is the only receiver status which is 
not indicated in status register #2. 

The prioritized status mode provides maximum efficiency 
in searching the status bits and indicates only the most im- 
portant action required to service the ADLC. The priority 
trees of both status registers are provided in Figure 10. 

Reading the status register is a non-destructive process. 
The method of clearing status depends upon the bit’s func- 
tion and is discussed for each bit in the register. 


b3, b4 — Receiver Word Length Select (Rx WLS1 and 
WLS2) — Rx WLS1 and WLS2 are used to select the word 
length of the receiver information field. The encoding format 
is shown in Table 3. 


TABLE 3 — 1-FIELD CHARACTER LENGTH SELECT 





b6 — Transmit Abort (ABT) — The ABT bit causes an 
Abort (at least 8 bits of ‘’1'’ in succession) to be transmitted. FIGURE 10 — STATUS REGISTER PRIORITY TREE (PSE= 1) 
The Abort is initiated and the Tx FIFO is cleared when the 


control bit goes high. Once Abort begins, the Tx Abort con- silat 
trol bit assumes the low state. Decreasing AEX) el SRE Ne! 
Priority ee ale fi ERR, FV, DCD, 
b6 — Abort Extend (ABT_Ex) — If ABTEx is set, the abort OP eG arty Seer eh On 
code initiated by ABT is extended up to at least 16 bits of Le 4 Rx idle 
consecutive ‘’1’s”, the mark Idle State. TORA/FC RDA “ 
b7 — NRZI (Zero Complement)/NRZ Select RDA 
(NRZI/NRZ) — NRZI/NRZ bit selects the transmit/receive 
data format to be NRZI or NRZ in both Loop Mode or Non- *Prioritized even when PSE = 0 
Loop mode operation. When the NRZI Mode is selected, a NOTE: Status bit ebove will inhibit one below it. 
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STATUS REGISTER 1 (SR1) 


hal _ 


bO — Receiver Data Available (RDA) — The RDA status 
bit reflects the state of the RDA status bit in status register 
#2. It provides the means of achieving data transfers of 
received data in the full Duplex Mode without having to read 
both status registers. 







RS1 RSO R/W AC 
0 0 1 x 






b1 — Status Register #2 Read Request (S2RQ) — All the 
Status bits (stored conditions) of status register #2 (except 
RDA bit) are logically ORed and indicated by the S2RQ 
Status bit. Therefore, S2RQ indicates that status register #2 
needs to be read. When S2RQ is “0”, it is not necessary to 
read status register #2. The bit is cleared when the ap- 
propriate bits in status register #2 are cleared or when Rx 
Reset is used. 


b2 — Loop Status (LOOP) — The LOOP status bit is used 
to monitor the loop operation of the ADLC. This bit does not 
cause an IRQ. When Non-Loop Mode is selected, LOOP bit 
stays ‘’0’’. When Loop Mode is selected, the LOOP status bit 
goes to ‘1’ during “‘On-Loop” condition. When ADLC is in 
an ‘‘Off-Loop” condition or ‘'Go-Active-On-Poll”’ condition, 
the LOOP status bit is a ‘0’. 


b3 — Flag Detected (FD) — The FD Status bit indicates 
that a flag has been received if the Flag Detect Enable contro! 
bit has been set. The bit goes high at the last bit of the Flag 
Character received (when the Flag Detect Output goes low) 
and is stored until cleared by Clear Rx Status or Rx Reset. 


b4 — Clear-to-Send (CTS) — The CTS input positive tran- 
sition is stored in the status register and causes an IRQ (if 
Enabled). The stored CTS condition and its IRQ are cleared 
by Clear Tx Status control bit or Tx Reset bit. After the 
stored status is reset, the CTS status bit reflects the state of 
the CTS input. 
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Loop | s2Ra 


b5 — Transmitter Underrun (TxU) — When the transmit- 
ter runs out of data during a frame transmission, an underrun 
occurs and the frame is automatically terminated by 
transmitting an Abort. The underrun condition is indicated 
by the TxU status bit. TxU can be cleared by means of the 
Clear Tx Status Control bit or by Tx Reset. 





b6 — Transmitter Data Register Available/Frame Com- 
plete (TDRA/FC) — The TDRA Status bit serves two pur- 
poses depending upon the state of the Frame Com- 
plete/TDRA Select control bit. When this bit serves as a 
TDRA status bit, it indicates that data (to be transmitted) 
can be loaded into the Tx Data FIFO register. The first 
register (Register #1) of the Tx Data FIFO being empty 
(TDRA=‘'1"’) will be indicated by the TDRA Status bit in the . 
‘1-Byte Transfer Mode.’’ The first two registers (Registers 
#1 and #2) must be empty for TDRA to be high when in the 
“2-Byte Transfer Mode.”” TDRA is inhibited by Tx Reset, or 
CTS being high. 

When the Frame Complete Mode of operation is selected, 
the TDRA/FC status bit goes high when an abort is transmit- 
ted or when a flag is transmitted with no data in the Tx FIFO. 
The bit remains high until cleared by resetting the TDRA/FC 
control bit or setting the Tx Reset bit. 


b7 — Interrpt Request (IRQ) — The Interrupt Request 
Status bit indicates when the IRQ output is in the active state 
(IRQ Output = 0’). The [RQ status bit is subject to the same 
interrupt enables (RIE, TIE).as the IRO output, i.e., with both 
transmitter and receiver interrupts enabled, the IRQ status 
bit is a logical ORed indication of Status Register 1 status 
bits. The IRQ bit only reflects the set status bits which have 
interrupts enabled. The IRQ status bit simplifies status in- 
quiries for polling systems by providing single bit indication 
of service requests. 


STATUS REGISTER 2 (SR2) 


RSO R/W AC 
0 1 


RS1 


bO — Address Present (AP) — The AP status bit provides 
the frame boundary and indicates an Address octet is 
available in the Rx Data FIFO register. In the Extended Ad- 
dressing Mode, the AP bit continues to indicate addresses 
until the Address field is complete. The Address present 
status bit is cleared by reading data or by Rx Reset. 


b1 — Frame Valid (FV) — The FV status bit provides the 
frame boundary indication to the MPU and also indicates 
that a frame is complete with no error. The FV status bit is 
set when the last data byte of a frame is transferred into the 
last location of the Rx FIFO (available to be read by MPU). 
Once FV status is set, the ADLC stops further data transfer 
into the last location of the Rx FIFO (in order to prevent the 
mixing of two frames) until the status bit is cleared by the 
Clear Rx Status bit or Rx Reset. 


b2 — Inactive Idle Received (Rx Idle) — The Rx Idle status 
bit indicates that a minimum of 15 consecutive ‘1’s’’ have 
been received. The event is stored within the status register 
_ and can cause an interrupt. The interrupt and stored condi- 
tion are cleared by the Clear Rx Status Control bit. The 
Status bit is the Logical OR of the receiver idling detector 
(which continues to reflect idling until a ‘’0’’ is received) and 
the stored inactive idle condition. 


b3 -- Abort Received (RxABT) — The RxABT status bit 
indicates that seven or more consecutive ‘’1's’’ have been 
received. Abort has no meaning under out-of-frame condi- 
tions; therefore, no interrupt nor storing of the status will oc- 
cur unless a Flag has been detected prior to the Abort. An 
Abort Received when "in frame’ is stored in the status 
register and causes an !RQ. The status bit is the logical OR of 
the stored conditions and the Rx Abort detect logic, which is 
. cleared after 15 consecutive ‘'1’s”’ 


s’’ have occurred. The stored 
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Abort condition is cleared by the Clear Rx Status Control bit 
or Rx Reset. 

b4 — Frame Check Sequence/Invalid Frame Error 
(ERR) — When a frame is complete with a cyclic redundancy 
check (CRC) error or a short frame error (the frame does not 
have complete Address and Control fields), the ERR status 
bit is set instead of the Frame Valid status bit. Other func- 
tions, frame boundry indication and control function, are ex- 
actly the same as for the Frame Valid status bit. Refer to the 
FV status bit. 


b5 — Data Carrier Detect (DCD) — A positive transition 
on the DCD input is stored in the status register and causes 
an IRQ (if enabled). The stored DCD condition and its IRQ 
are cleared by the Clear Rx Status Control bit or RX Reset. 
After stored status is reset, the DCD status bit follows the 
State of the input. Both the stored DCD condition and the 
DCD input cause the reset of the receiver section when they 
are high. 


b6 — Receiver Overrun (OVRN) — OVRN status indicates 
that receiver data has been transferred into the Rx FIFO 
when it is full, resulting in data loss. The OVRN status is 
cleared by the Clear Rx Status bit or Rx Reset. Continued 
overrunning only destroys data in the first FIFO Register. 


b7 — Receiver Data Available (RDA) — The Receiver Data 


Available status bit indicates when receiver data can be read 


from the Rx Data FIFO. When the prioritized status mode is 
used, the RDA bit indicates that non-address and non-last 
data are available in the Rx FIFO. The receiver data being 
present in the last register of the FIFO causes RDA to be high 
for the ‘'1-Byte Transfer Mode.” The RDA bit being high in- 
dicates that the last two registers are full when in the ‘'2-Byte 
Transfer Mode.” The RDA status bit is reset automatically 
when data is not available. 


PROGRAMMING CONSIDERATIONS 


. Status Priority — When the prioritized status mode is us- 
ed, it is best to test for the lowest priority conditions first. 
The lowest priority conditions typically occur more fre- 
quently and are the most likely conditions to exist when 
the processor is interrupted. 


. Stored vs Present Status — Certain status bits (DCD, 
CTS, Rx Abort, and Rx Idle) indicate a status which is the 
logical OR of a stored and a present condition. It is the 
Stored status that causes an interrupt and which is 
cleared by a Status Clear control bit. After being cleared, 
the status register will reflect the present condition of an 
input or a receiver input sequence. 


. Clearing Status Registers — !n order to clear an interrupt 
with the two Status Clear control bits, a particular status 
condition must be read before it can be cleared. In the 
prioritized mode, clearing a higher priority condition 
might result in another IRO caused by a lower priority 
condition whose status was suppressed when a status 
register was first read. This guarantees that a status con- 
dition is never inadvertently cleared. 

. Clearing the Rx FIFO — An Rx Reset will effectively clear 
the contents of all three Rx FIFO bytes. However, the 
FIFO may contain data from two different frames when 
abort or DCD failure occurs. When this happens, the data 
from a previously closed frame (a frame whose closing 
flag has been received) will not be destroyed. 

. Servicing the Rx FIFO in a 2-Byte Mode — The procedure 
for reading the last bytes of data is the same, regardless of 
whether the frame contains an even or an odd number of 
bytes. Continue to read 2 bytes until an interrupt occurs 
that is caused by an end-of-frame status (FV or ERR). 
When this occurs, indicating the last byte either has been 
read or is ready to be read, switch temporarily to the 
1-byte mode with no prioritized status (control register 2). 


Test RDA to indicate whether a 1-byte read should be 
performed. Then clear the frame end status. 


. Frame Complete Status and RTS Release —-.In many 


cases, a MODEM will require a delay for releasing RTS. 
An 8-bit or 16-bit delay can be added to the ADLC RTS 
output by using an Abort. At the end of a transmission, 
frame complete status will indicate the frame completion. 
After frame complete status goes high, write ‘'1’’ into the 
Abt control bit (and Abt Extend bit if a 16-bit delay is. re- 
quired). After the Abt control bit is set, write ‘‘0”’ into the 
RTS control bit. The transmitter will transmit eight or six- 
teen ‘1's’ and the RTS output will then go high 
(inactive). 


. Note to users not using the EF6800 — (a) Carte:should be 


taken when performing a write followed by a read on suc- 
cessive E pulses at a high frequency rate. Time must be 
allowed for status changes to occur. If this is done, the 
time that E is low between successive write/read E-pulses 
should be at least 500 ns. (b) The ADLC is a completely 
Static part. However, the E frequency should be high 
enough to move data through the FIFOs and to service 
the peripheral requirements. Also, the period between 
successive E pulses should be less than the period of RxC 
or TxC in order to maintain synchronization between the 
data bus and the peripherals. 


. Clear-to-Send (CTS) — The CTS input, when high, pro- 


vides a real-time inhibit to the TDRA status bit and its 
associated interrupt. All other status bits will be opera- 
tional. Since it inhibits TDRA, CTS also inhibts the TDSR 
DMA request. The CTS input being high does not affect 
any other part of the transmitter. Information in the Tx 
FIFO and Tx Shift Register will, therefore, continue to be 
transmitted as long as the Tx CLK is running. 


ORDERING INFORMATION 


level. Other possibilities on request. 


EF6854 (1.0 MHz) 


EF68A54 (1.5 MHz) 


EF68B54 (2.0 MHz) 


C\M, B/B 


EF68A54 
Device | | — Screening level 
Package Oper. temp. 


The table below horizontally shows all available suffix combinations for package, operating temperature and screening 


Examples : EF6854C, EF6854CV, EF6854CM, EF6854JM 


OPER. TEMP. SCREENING LEVEL 


B/B 


Package : C: Ceramic DIL, J: Cerdip DIL, P: Plastic DIL, E: LCCC, FN: PLCC. 
Oper. temp.: L*: 0°C to +70°C, V: —40°C to +85°C, M: —55°C to +125°C, *: may be omitted. 
Screening level : Std : (no-end suffix), D : NFC 96883 level D, 

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B. 
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PHYSICAL DIMENSIONS 


CB-132 






P SUFFIX 
PLASTIC PACKAGE 





(1) Nominal dimension 
(2) True geometrical position 


ALSO AVAILABLE 





28 pins 


te V 
ASIE F 144 CB- 132 
CEI DATA, JEDEC SITELESC 


J SUFFIX C SUFFIX 
CERDIP PACKAGE CERAMIC PACKAGE 
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CB-520 CB-707 





FN SUFFIX E SUFFIX 
PLCC 28 LCCC 28 





0,812 


0,331 
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CHAPTER 3 - 68000 MICROPROCESSORS 


68000 MICROPROCESSORS SELECTION GUIDE 


Part number 


TS68000-8 

TS68000-10 
TS68000-12 
TS68000-16 


TS68008-8 
TS68008-10 
TS68008-12 


MK68201/04-4 
MK68201/04-6 
MK68211/04-4 
MK68211/04-6 
MK68E201/04-4 
MK68E211/04-4 


MK68HC201/04-8 
MK68HC201/04-10 
MK68HC201/04-12 
MK68HC211/04-8 
MK68HC211/04-10 
MK68HC211/04-12 
MK68HCE221/08-8 
MK68HCE221/08-10 
MK68HCE221/08-12 


Description 


16-bit MPU 32-bit data and address registers - 


16 megabyte direct addressing range - 


56 powerful instruction pages - 


Memory mapped I/O - 14 addressing modes 


8-bit data bus version of TS68000 


1 Mbyte direct addressing space - Complete 


code compatibility with the TS68000 


16-bit MCU ROMLESS (UPC) 
16-bit MCU ROMLESS (UPC) 
16-bit MCU ROMLESS (GP) 
16-bit MCU ROMLESS (GP) 
16-bit Emulator (UPC) 

16-bit Emulator (GP) 


16-bit MCU ROMLESS (UPC) 
16-bit MCU ROMLESS (UPC) 
16-bit MCU ROMLESS (UPC) 
16-bit MCU ROMLESS (GP) 
16-bit MCU ROMLESS (GP) 
16-bit MCU ROMLESS (GP) 
16-bit Emulator (UPC/GP) 
16-bit Emulator (UPC/GP) 
16-bit Emulator (UPC/GP) 


Technology 


HMOS 


HMOS 


NMOS 


Alt source 


MC68000-8 
MC68000-10 
MC68000-12 


MC68008-8 
MC68008-10 
MC68008-12 


CLK freq. 
(MHz) 


8 
10 
12,5 
16 


8 
10 
12,5 


OO|/ARADAOA 


12.5 


10 
12.5 


10 
12.5 


Page 
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3-95 


3-191 


3-265 





THOMSON 


COMPONENTS 











TS68000 


16-/32-BIT MICROPROCESSOR 





mm gy 
i 


MOSTEK 






ADVANCE INFORMATION 


The TS68000 is the first implementation of the 68000 16/32 microproces- 
sor architecture. The TS68000 has a 16-bit data bus and 24-bit address 
bus while the full architecture provides for 32-bit address and data buses. 
It is completely code-compatible with the TS68008 8-bit data bus im- 
plementation of the 68000 and is downward code-compatible with the 
‘TS68020 32-bit implementation of the architecture. Any user-mode pro- 
grams written using the TS68000 instruction set will run unchanged on the 
TS68008 and TS68020. This is possible because the user programming 
mode! is identical for all three processors and the instruction sets are pro- 
pe, sub-sets of the complete architecture. 

The resources available to the TS68000 user consist of the following : 


@ 16 32-bit data and address registers 
16 megabyte direct addressing range 
56 powerful instruction types 
Operations on five main data types 
Memory mapped |/O 
14 addressing modes 
4 available versions :8 MHz, 10 MHz, 12.5 MHz and 16 MHz. 


As shown in the user programming model, the TS68000 offers 16 32-bit 
registers and a 32-bit program counter. The first eight registers (DO-D7) 
are used as data registers for byte (8-bit), word (16-bit), and long word 
(32-bit) operations. The second set of seven registers (AQ-A6) and the 
user stack pointer (USP) may be used as software stack pointers and base 
address registers. In addition, the registers may be used for word and long 
word operations. All of the 16 registers may be used as index registers. 


PROGRAMMING MODEL 
1615 87 


Eight 
Data 
Registers 


Seven 
Address 
Registers 


User Stack 
Pointer 


Program 
Counter 


Status 
Register 
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HMOS 


HIGH-DENSITY, N-CHANNEL, 
SILICON-GATE, DEPLETION LOAD 


16-/32-BIT MICROPROCESSOR 


CASE CB -365 


P SUFFIX 
PLASTIC PACKAGE 


FN SUFFIX: 
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SECTION 1 
INTRODUCTION 


The TS68000 is the first implementation of the 68000 16/32 microprocessor architecture. The 
TS68000 has a 16-bit data bus and 24-bit address bus while the full architecture provides for 32-bit 
address an data buses. It is completely code-compatible with the TS68008 8-bit data bus implemen- 
tation of the 68000 and is downward code-compatible with the TS68020 32-bit implementation of 
the architecture. Any user-mode programs written using the TS68000 instruction set will run un- 
changed on the TS68008 and TS68020. This is possible because the user programming model is 


identical for all four processors and the instruction sets are proper sub-sets of the complete archi- 
tecture. 


The resources available to the TS68000 user consist of the following : 
@ 17 32-Bit Data and Address Registers 

16 Megabyte Direct Addressing Range 

56 Powerful Instruction Types 

Operations on Five Main Data Types 

Memory Mapped |/O 

14 Addressing Modes 


As shown in the user programming mode! (Figure 1-1), the TS68000 offers 16 32-bit registers anda 
32-bit program counter. The first eight registers (DO-D7) are used as data registers for byte (8-bit), 
word (16-bit), and long word (32-bit) operations. The second set of seven registers (AO-A6) and the 
user Stack pointer (USP) may be used as software stack pointers and base address registers. In ad- 
dition, the registers may be used for word and long word operations. All of the 16 registers may be 
used as index registers. 


In supervisor mode, the upper byte of the status register and the supervisor stack pointer (SSP) are 
also available to the programmer. These registers are shown in Figure 1-2. 


The status register (Figure 1-3) contains the interrupt mask (eight levels available) as well as the 
condition codes: extend (X), negative (N), zero (Z), overflow (V), and carry (C). Additional status 
bits indicate that the processor is in a trace (T) mode and in a supervisor (S) or user state. 


1.1 DATA TYPES AND ADDRESSING MODES 


Five basic data types are supported. These data types are: 
@ Bits ~ @ Words (16 bits) 
@ BCD Digits (4 bits) @ Long Words (32 bits) 
@ Bytes (8 bits) 


In addition, operations on other data types such as memory addresses, status word data, etc., are 
provided in the instruction set. 
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31 16 15 87 


DO 
D1 
D2 
03 Eight 
Data 
D4 Registers 
D5 
D6 
D7 
31 1615 0 
| AO 
| Al 
A2 Seven 
| A3 Address 
| AA Registers 
Ad 
A6 
A7 User Stack 
ee eee 
31 0 
ee | 
= Counter 
7 0 


Status 
[J cc Register 


aq 16.15 0 
(SSP) Pointer 
15 87 0 


| CCR SR Status Register 


Figure 1-2. Supervisor Programming Model Supplement 


User Byte 
System Byte ‘Condition Code Register) 







Trace Mode 


Supervisor 
State Interrupt Zero 
Mask Overflow 


Figure 1-3. Status Register 


The 14 address modes, shown in Table 1-1, include six basic types: 
@ Register Direct 
@ Register Indirect 
@ Absolute 
@ Program Counter Relative 
@ !mmediate 
@® Implied 
Included in the register indirect addressing modes is the capability to do postincrementing, 


predecrementing, offsetting, and indexing. The program counter relative mode can also be 
modified via indexing and offsetting. 


Table 1-1. Addressing Modes 


Register Direct Addressing 
Dn 
An 


Data Register Direct 
Address Register Direct 
dj6(PC) 
(PC,Xn} 










Absolute Data Addressing 
Absolute Short 
Absolute Long 













Program Counter Relative Addressing 
Relative with Offset 
Relative with Index Offset 

















Register Indirect Addressing 



















Register Indirect (An) 

Postincrement Register Indirect (An) + 

Predecrement Register Indirect ~ (An) 

Register Indirect with Offset d16(An) 

Indexed Register Indirect with Offset dgiAn, Xn) 
Immediate Data Addressing 

Immediate AXXX 





Quick Immediate 


SR USP SP PC 


NOTES. 
Dn = Data Register 
An = Address Register 
Xn = Address or Data Register used as Index Register 
SR = Status Register 
PC = Program Counter 
SP = Stack Pointer 
USP = User Stack Pointer 
( ) = Effective Address 
dg = 8-Bit Offset (Displacement) 
di6 = 16-Bit Offset (Displacement) 
Axxx = Immediate Data 


1.2 INSTRUCTION SET OVERVIEW 


The TS68000 instruction set is shown in Table 1-2. Some additional instructions are variations, or 
subsets, of these and they appear in Table 1-3. Special emphasis has been given to the instruction 
set's support of structured high-level languages to facilitate ease of programming. Each instruction, 
with few exceptions, operates on bytes, words, and long words and most instructions can use any 


of the 14 addressing modes. Combining instruction types, data types, and addressing modes, over 
1000 useful instructions are provided. These instructions include signed and unsigned, multiply and 
divide, ‘‘quick”’ arithmetic operations, BCD arithmetic, and expanded operations (through traps). 


Table 1-2. Instruction Set Summary 




















Description” 
Add Decimal With Extend 

| Add | 

Logical And 
Arithmetic Shift Left 
Arithmetic Shift Right 


Branch Conditionally 
Bit Test and Change 
Bit Test and Clear 
Branch Always 

Bit Test and Set 
Branch to Subroutine 
Bit Test 
Check Register Against Bounds 
Clear Operand 

Compare 
















Test Condition, Decrement and Branch 
Signed Divide 
Unsigned Divide 
Exclusive Or 
Exchange Registers 
EXT Sign Extend 


JMP Jump 

JSR Jump to Subroutine 

LEA Load Effective Address 

Link Stack 
Logical Shift Left 


Logical Shift Right 






Mnemonic Description 


















MOVE Move . 
MULS Signed Multiply 
MULU Unsigned Multiply 






Negate Decimal with Extend 
Negate 

No Operation 
One’s Complement 


Logical Or 
PEA Push Effective Address 


Reset External Devices 
Rotate left without Extend 
Rotate Right without Extend 
Rotate Left with Extend 
Rotate Right with Extend 
Return from Exception 
Return and Restore 
Return from Subroutine 
Subtract Decimal with Extend 
Set Conditional 

Stop 

Subtract 

Swap Data Register Halves 


Test and Set Operand 
Trap 

Trap on Overflow 
Test 


































Table 1-3. Variations of Instruction Types 


Instruction 
se Variation Description 


Add 

Add Address 

Add Quick 

Add !mmediate 

Add with Extend 

Logical And 

And Immediate 

And Immediate to 
Condition Codes 

And Immediate to 
Status Register 

Compare 

Compare Address 

Compare Memory 

Compare Immediate 

Exclusive Or 

Exclusive Or Immediate 

Exclusive Or Immediate 
to Condition Codes 

Exclusive Or Immediate 
to Status Register 


AND 
AND! 
ANDI to CCR 


ANDI to SR 


EOR 
EORI 
EORI to CCR 


EORI to SR 





instruction 
Type Variation Description 


MOVE MOVE Move 




















MOVEA Move Address 

MOVEM Move Multiple Registers 
MOVEP Move Peripheral Data 
MOVEQ Move Quick 


MOVE from SR} Move from Status Register 
MOVE to SR Move to Status Register 
MOVE to CCR | Move to Condition Codes 
MOVE USP Move User Stack Pointer 


NEG Negate 
a Negate with Extend 


Logical Or 
Or immediate 
Or Immediate to 
Condition Codes 
Or Immediate to 
Status Register 
Subtract 
Subtract Address 
Subtract Immediate 
Subtract Quick 
Subtract with Extend 
























a 
ORI to CCR 










ORI to SR 





SECTION 2 
DATA ORGANIZATION AND ADDRESSING CAPABILITIES 


This section contains a description of the registers and the data organization of the TS68000. 


2.1 OPERAND SIZE 


Operand sizes are defined as follows: a byte equals 8 bits, a word equals 16 bits, and a long word 
equals 32 bits. The operand size for each instruction is either explicitly encoded in the instruction or 
implicitly defined by the instruction operation. Implicit instructions Support some subset of all three 
sizes. 


2.2 DATA ORGANIZATION IN REGISTERS 


The eight data registers support data operands of 1, 8, 16, or 32 bits. The seven address registers 
together with the stack pointers Support address operands of 32 bits. 


2.2.1 Data Registers 


Each data register is 32 bits wide. Byte operands occupy the low order 8 bits, word operands the 
low order 16 bits, and long word operands the entire 32 bits. The least significant bit is addressed as 
bit zero; the most significant bit is addressed as bit 31. 


When a data register is used as either a source or destination operand, only the appropriate low 
order portion ts changed; the remaining high order portion is neither used nor changed. 


2.2.2 Address Registers 


Each address register and the stack pointer is 32 bits wide and holds a full 32-bit address. Address 
registers do not support the sized operands. Therefore, when an address register is used as a Source 
operand, either the low order word or the entire long word operand is used depending upon the 
operation size. When an address register is used as the destination operand, the entire register is af- 
fected regardless of the operation size. If the operation size is word, any other operands are sign ex- 
tended to 32 bits before the operation is performed. 


2.3 DATA ORGANIZATION IN MEMORY 


Bytes are individually addressable with the high order byte having an even address the same as the 
word, as shown in Figure 2-1. The low order byte has an odd address that is one count higher than 
the word address. Instructions and multibyte data are accessed only on word (even byte) boun- 
daries. If a long word datum is located at address n (n even), then the second word of that datum is 
located at address n +2. 
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Byte 000002 Byte 000003 


Word FFFFFE 
Byte FFFFFE Byte FFFFFF 





Figure 2-1. Word Organization in Memory 


The data types supported by the TS68000 are : bit data, integer data of 8, 16, or 32 bits, 32-bit ad- 
dresses and binary coded decimal data. Each of these data types is put in memory, as shown in 
Figure 2-2. The numbers indicate the order in which the data would be accessed from the 
processor. 


2.4 ADDRESSING 


Instructions for the TS68000 contain two kinds of information : the type of function to be per- 
formed and the location of the operand(s) on which to perform that function. The methods used to 
locate (address) the operand(s) are explained in the following paragraphs. 


Instructions specify an operand location in one of three ways: 
Register Specification — the number of the register is given in the register field of 
their instruction. 
Effective Address — use of the different effective addressing modes. 
Implicit Reference — the definition of certain instructions implies the use of specific registers. 


2.5 INSTRUCTION FORMAT 


Instructions are from one to five words in length as shown in Figure 2-3. The length of the instruc- 
tion and the operation to be performed is specified by the first word of the instruction which is 
called the operation word. The remaining words further specify the operands. These words are 
either immediate operands or extensions to the effective address mode specified in the operation 
word. 


2.6 PROGRAM/DATA REFERENCES 


The TS68000 separates memory references into two classes : program references and data 
references. Program references, as the name implies, are references to that section of memory that 
contains the program being executed. Data references refer to that section of memory that contains 
data. Operand reads are from the data Space except in the case of the program counter relative ad- 
dressing mode. All operand writes are to the data space. 


2.7 REGISTER SPECIFICATION 


The register field within an instruction specifies the register to be used. Other fields within the in- 
struction specify whether the register selected is an address or data register and how the register is 
to be used. 


Bit Data — 1 Byte =8 Bits 
7 6 5 4 3 2 1 0 


fT TTT ttt 


Integer Data — 1 Byte=8 Bits 


15 14 13 12 1 10 9 8 i 6 5 4 3 2 1 0 


— —bLong Word 0— — — 


Low Order 





Addresses — 1 Address = 32 Bits 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


High Order 


—— 


Low Order 





MSB = Most Significant Bit LSB = Least Significant Bit 


Decimal Data — 2 Binary Coded Decimal Digits= 1 Byte 
11 10 9 8 





MSD = Most Significant Digit LSD =Least Significant Digit 


Figure 2-2. Memory Data Organization 
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’ Operation Word 
(First Word Specities Operation and Modes) 
Immediate Operand 
(if Any, One or Two Words) 
Source Effective Address Extension 
(If Any, One or Two Words) 
Destination Effective Address Extension 
(if Any, One or Two Words) 






Figure 2-3. Instruction Operation Word General Format 


2.8 EFFECTIVE ADDRESS 


Most instructions specify the location of an operand by using the effective address field in the 
operation word. For example, Figure 2-4 shows the general format of the single-effective-address 
instruction operation word. The effective address is composed of two 3-bit fields: the mode field 
and the register field. The value in the mode field selects the different address modes. The register 
field contains the number of a register. 


The effective address field may require additional information to fully specify the operand. This ad- 
ditional information, called the effective address extension, is contained in the following word or 
words and is considered part of the instruction, as shown in Figure 2-3. The effective address 
modes are grouped into three categories: register direct, memory addressing, and special. 


16. 14-...90: 42 = WR Or. Be B.S aS Sa! 
Effective Address 





Mode Register 


Figure 2-4. Single-Effective- Address Instruction Operation Word 


2.8.1 Register Direct Modes 


These effective addressing modes specify that the operand is in one of 16 multifunction registers. 


2.8.1.1 DATA REGISTER DIRECT. The operand is in the data register specified by the effective ad- 
dress register field. 


2.8.1.2 ADDRESS REGISTER DIRECT. The operand is in the address register specified by the ef- 
fective address register field. 


2.8.2 Memory Address Modes 


These effective addressing modes specify that the operand is in memory and provide the specific 
address of the operand. 


2.8.2.1 ADDRESS REGISTER INDIRECT. The address of the operand is in the address register 
specified by the register field. The reference is classified as a data refererice with the exception of 
the jump and jump-to-subroutine instructions. 
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2.8.2.2 ADDRESS REGISTER INDIRECT WITH POSTINCREMENT. The address of the operand !s 
in the address register specified by the register field. After the operand address is uSed, it is in- 
cremented by one, two, or four depending upon whether the size of the operand !s byte, word, or 
long word. If the address register is the Stack pointer and the operand size Is byte, the address is in- 
cremented by two rather than one to keep the stack pointer on a word boundary. The reference is 
classified as a data reference. 


2.8.2.3 ADDRESS REGISTER INDIRECT WITH PREDECREMENT. The address of the operand is in 
the address register specified by the register field. Before the operand address is used, it Is 
decremented by one, two, or four depending upon whether the operand size is byte, word, or long 
word. If the address register is the stack pointer and the operand size is byte, the address is 
decremented by two rather than one to keep the stack pointer on a word boundary. The reference is 
classified as a data reference. 


2.8.2.4 ADDRESS REGISTER INDIRECT WITH DISPLACEMENT. This addressing mode requires 
one word of extension. The address of the operand is the sum of the address in the address register 
and the sign-extended 16-bit displacement integer in the extension word. The reference is classified 
as a data reference with the exception of the jump and jump-to-subroutine ifstructions. 


2.8.2.5 ADDRESS REGISTER INDIRECT WITH INDEX. This addresstng mode requires one word of 
extension. The address of the operand is the sum of the address in the address register, the sign- 
extended displacement integer in the low order eight bits of the extension word, and the contents 
of the index register. The reference is classified as a data reference with the exception of the jump 
and jump-to-subroutine instructions. 


2.8.3 Special Address Modes 


The special address modes use the effective address register field to specify the special addressing 
mode instead of a register number. 


2.8.3.1 ABSOLUTE SHORT ADDRESS. This addressing mode requires one word of extension. The 
address of the operand is the extension word. The 16-bit address is sign extended before it is used. 
The reference is classified as a data reference with the exception of the jump and jump-to- 
subroutine instructions. 


2.8.3.2 ABSOLUTE LONG ADDRESS. This addressing mode requires two words of extension. The 
address of the operand is developed by the concatenation of the extension words. The high order 
part of the address is the first extension word; the low order part of the address is the second exten- 
sion word. The reference is classified as a data reference with the exception of the jump and Jump- 
to-Ssubroutine instructions. 


2.8.3.3 PROGRAM COUNTER WITH DISPLACEMENT. This addressing mode requires one word 
of extension. The address of the operand is the sum of the address in the program counter and the 
sign-extended 16-bit displacement integer in the extension word. The value in the program counter 
is the address of the extension word. The reference is classified as a program reference. 


2.8.3.4 PROGRAM COUNTER WITH INDEX. This addressing mode requires one word of exten- 
sion. The address is the sum of the address in the program counter, the sign-extended displace- 
ment integer in the lower eight bits of the extension word, and the contents of the index register. 
The value in the program counter is the address of the extension word. This reference is classified 
as a program reference. 


2.8.3.5 IMMEDIATE DATA. This addressing mode requires either one or two words of extension 
depending on the size of the operation. 
Byte Operation — operand is low order byte of extension word 
Word Operation — operand is extension word 
Long Word Operation — operand is in the two extension words, high order 16 bits are in the 
first extension word, low order 16 bits are in the second extension 
word. 


2.8.3.6 IMPLICIT REFERENCE. Some instructions make implicit reference to the program counter 
(PC), the system stack pointer (SP), the supervisor stack pointer (SSP), the user stack pointer 
(USP), or the status register (SR). A selected set of instructions may reference the status register by 
means of the effective address field. These are: 


ANDI to CCR EORI to SR MOVE to CCR 


ANDI to SR ORI to CCR MOVE to SR 
EORI to CCR ORI to SR MOVE from SR 


2.9 EFFECTIVE ADDRESS ENCODING SUMMARY 


Table 2-1 is a summary of the effective addressing modes discussed in the previous paragraphs. 


Table 2-1. Effective Address Encoding Summary 


Addressing Mode AddressingMode | Mode | __Register_| 


Data Register Direct | = 000s Register Number] |Address Register Indirect with 
Index 110 Register Number 


Address Register Direct Register Number 
Address Register Indirect 010 . {Register Number} [Absolute Short ee a 


Address Register Indirect with | , 
Postincrement Register Number} | Program Counter with 
Register Number 



















O11 
| Address Register Indirect with 
Predecrement 100 Program Counter with Index 


| Address Register Indirect with 
Displacement 101 


2.10 SYSTEM STACK 


The system stack is.used implicitly by many instructions; user stacks and queues may be created 
and maintained through the addressing modes. Address register seven (A7) is the system stack 
pointer (SP). The system stack pointer is either the supervisor stack pointer (SSP) or the user stack 
pointer (USP), depending on the state of the S bit in the status register. If the S bit indicates super- 
visor state, SSP is the active system stack pointer and the USP cannot be referenced as an address 
register. If the S bit indicates user state, the USP is the active system stack pointer, and the SSP 
cannot be referenced. Each system stack fills from high memory to low memory. 





SECTION 3 
INSTRUCTION SET SUMMARY 


This section contains an overview of the form and structure of the TS68000 instruction set. The 
instructions form a set of tools that include all the machine functions to perform the following 
operations: 


Data Movement Bit Manipulation 
Integer Arithmetic Binary Coded Decimal 
Logical Program Control 
Shift and Rotate System Control 


The complete range of instruction capabilities combined with the flexible addressing modes 
described previously provide a very flexible base for program development. 


3.1 DATA MOVEMENT OPERATIONS 


The basic method of data acquisition (transfer and storage) is provided by the move (MOVE) in- 
struction. The move instruction and the effective addressing modes allow both address and data 
manipulation. Data move instructions allow byte, word, and long word operands to be transferred 
from memory to memory, memory to register, register to memory, and register to register. Address 
move instructions allow word and long word operand transfers and ensure that only legal address 
manipulations are executed. In addition to the general move instruction there are several special 
data movement instructions: move multiple registers (MOVEM), move peripheral data (MOVEP), 
exchange registers (EXG), load effective address (LEA), push effective address (PEA), link stack 
(LINK), unlink stack (UNLK), and move quick (MOVEQ). Table 3-1 is a summary of the data move- 
ment operations. 


Table 3-1. Data Movement Operations 












(EA) — Dn 
On— (EA) 
on 


SP— An 
SP + displacement —* SP 


{(EA)—- An, On (SP)+ — An 
An, Dn=~* EA 
NOTES: 
S= source —( )=indirect with predecrement 
d = destination ( )+ =indirect with postdecrement 
[ ]= bit number #= immediate data 


EA — (SP) 
SWAP Dn(31: 16) +> Dn{15:0) 
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3.2 INTEGER ARITHMETIC OPERATIONS 


The arithmetic operations include the four basic operations of add (ADD), subtract (SUB), multiply 
(MUL), and divide (DIV) as well as arithmetic compare (CMP), clear (CLR), and negate (NEG). The 
add and subtract instructions are available for both address and data operations, with data opera- 
tions accepting all operand sizes. Address operations are limited to legal address size operands (16 
or 32 bits). Data, address, and memory compare operations are also available. The clear and negate 
instructions may be used on all sizes of data operands. 


The multiply and divide operations are available for signed and unsigned operands using word 
multiply to produce a long word product, and a long word dividend with word divisor to produce a 
word quotient with a word remainder. 


Multiprecision and mixed size arithmetic can be accomplished using a set of extended instructions. 
These instructions are: add extended (ADDX), subtract extended (SUBX), sign extend (EXT), and 
negate binary with extend (NEGX). 


A test operand (TST) instruction that will set the condition codes as a result of a compare of the 
operand with zero is also available. Test and set (TAS) is a synchronization instruction useful in 
multiprocessor systems. Table 3-2 is a summary of the integer arithmetic operations. 
















































|__Instruction | Operand Size 
Dn+(EA)—* Dn 
(EA) + #xxx == (EA) 
An+(EA) = An 
[aera 6, 33 
8, 16, 32 Dn —- (EA) 
(Ax) + -— (Ay) - 
16, se An — (EA) 
DIvU 
o=e16 Sr Dni6 
MULU 16x 16 =» 32 Dnx(EA)—*Dn . 
8, 16, 32 O- (EA) —* (EA) 
8, 16, 32 Dn —-(EA)—* Dn 
SUB (EA) —- Dn (EA) 
16, 32 An- (EA) = An 
Dx - Dy - X—* Dx 
SrPe Eplee — (Ax) = = (Ay) — X—* (Ax) 
Ras Aes colt Oe 
8, 16, 32 (EA) -0 
NOTES: 
~( )=indirect with predecrement 
( )+ =Indirect with postdecrement 


Table 3-2. Integer Arithmetic Operations 
(EA) + Dn (EA) 
8, 16, 32 Dx + Dy + X=» Dx 
BEDS — (Ax) + = (Ay) + X= (Ax) 
(EA) — #xxx 
DIVS = (EA) — Dn 
MULS 16 x 16+ 32 Dn x (EA) —* Dn 
NEGX . 8, 16, 32 O- (EA) — X= (EA) 
(EA) — #xxx = (EA) 
{EA]-0, 1—* EAI7} 
{ ]=bit number 
#= immediate data 


3-16 


3.3 LOGICAL OPERATIONS 


Logical operation instructions AND, OR, EOR, and NOT are available for all sizes of integer data 
operands. A similar set of immediate instructions (ANDI, ORI, and EORI) provide these logical 
operations with all sizes of immediate data. Table 3-3 is a summary of the logical operations. 


Table 3-3. Logical Operations 


Operand Size Operation 


DnA(EA)—* Dn 
(EA)ADn — (EA) 
(EA) A#xxx— (EA) 


Dn v (EA) — Dn 


(EA) v Dn-* (EA) 
(EA) v #xxx > (EA) 
(EA) ® Dy — (EA) 
(EA) ® #xxx — (EA) 





NOTES: 
~ = Invert V = logical OR 
# = immediate data ® = logical exclusive OR 
A= logical AND 


3.4 SHIFT AND ROTATE OPERATIONS 


Shift operations in both directions are provided by the arithmetic instructions ASR and ASL and 
logical shift instructions LSR and LSL. The rotate instructions (with and without extend) available 
are ROXR, ROXL, ROR, and ROL. All shift and rotate operations can be performed in either 
registers or memory. Register shifts and rotates support all operand sizes and allow a shift count 
specified in a data register. 


Memory shifts and rotates are for word operands only and allow only single-bit shifts or rotates. 
Table 3-4 is a summary of the shift and rotate.operations. 
Table 3-4. Shift and Rotate Operations 


aa 


asi | p. 16, 2 16, a] kiqhe{=———— eo 


ASR |8, 16, 32 —— a 
ust |g. 16. 32 


pf Gr 












ROXL 
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3.5 BIT MANIPULATION OPERATIONS 


Bit manipulation operations are accomplished using the following instructions: bit test (BTST), bit 
test and set (BSET), bit test and clear (BCLR),.and bit test and change (BCHG). Tabie 3-5 is a sum- 
mary of the bit manipulation operations. (Z is bit 2 of the status register.) 


Table 3-5. Bit Manipulation Operations 


[“Tastraetion | Operand Size 


~ bit of (EA) Z 

~ bit of (EA)—*Z 

~ bit of (EA) Z 
BCHG ~ bit of (EA) bit of EA 


NOTE: ~ =invert 













3.6 BINARY CODED DECIMAL OPERATIONS 


Multiprecision arithmetic operations on binary coded decimal numbers are accomplished using the 
following instructions: add decimal with extend (ABCD), subtract decimal with extend (SBCD), 
and negate decimal with extend (NBCD). Table 3-6 is a summary of the binary coded decimal 
operations. 


Table 3-6. Binary Coded Decimal Operations 


Operand : 
Dx19+ Dy19+ X—~* Dx 


ABCD Le 4 — (Ax)19 + — (Ay)1Q+ x (Ax) 
, Dx19—- Dy19— X~* Dx 


NBCD O—(EA)19— X= (EA) 


NOTE: —( )=indirect with predecrement 











3.7 PROGRAM CONTROL OPERATIONS 


Program control operations are accomplished using a series of conditional and unconditional 
branch instructions and return instructions. These instructions are summarized in Table 3-7. 


The conditional instructions provide setting and branching for the following conditions: 


CC — carry clear LS — low or same 
CS — carry set LT — less than 
EQ — equal | Ml — minus 

F — never true NE — not equal 
GE — greater or equal PL — plus 

GT — greater than T — always true 
HI — high VC — no overflow 
LE — less or equal VS — overflow 
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Table 3-7. Program Control Operations 


Conditional 


BCG Branch Conditionally (14 Conditions) 
8- and 16-Bit Displacement 


DBEE Test Condition, Decrement, and Branch 
16-Bit Displacement 


SCC Set Byte Conditionally (16 Conditions) 


Unconditional 
BRA Branch Always 


8- and 16-Bit Displacement 
BSR Branch to Subroutine 
8- and 16-Bit Displacemert 
JMP Jump 
JSR Jump to Subroutine 
Returns 
RTR Return and Restore Condition Codes 
RTS Return from Subroutine 





3.8 SYSTEM CONTROL OPERATIONS 


System control operations are accomplished by using privileged instructions, trap generating in- 
structions, and instructions that use or modify the Status register. These instructions are Summariz-. 
ed in Table 3-8. 


Table 3-8. System Control Operations 


instruction Operation 
Privileged 

ANDI to SR Logical AND to Status Register 
EOR! to SR Logical EOR to Status Register 
MOVE FA to SR Load New Status Register 
MOVE USP Move User Stack Pointer 
ORI to SR Logical OR to Status Register 
RESET Reset External Devices 
RTE Return from Exception 
STOP Stop Program Execution 


Trap Generating 
CHK Check Data Register Against Upper Bounds 
TRAP Trap 
TRAPV Trap on Overflow 


Status Register 
ANDI to CCR Logical AND to Condition Codes 
EORI to CCR Logical EOR to Condition Codes 
MOVE EA to CCR Load New Condition Codes 
MOVE SR to EA Store Status Register 
ORL to CCR Logical OR to Condition Codes 
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SECTION 4 
SIGNAL AND BUS OPERATION DESCRIPTION 


This section contains a brief description of the input and output signals. A discussion of bus opera- 
tion during the various machine cycles and operations is also given. 


NOTE 
The terms assertion and negation will be used extensively. This is done to avoid confu- 
sion when dealing with a mixture of ‘‘active-low’’ and ‘‘active-high’’ signals. The term 
assert or assertion is used to indicate that a signal is active or true, independent of 
whether that level is represented by a high or low voltage. The term negate or negation is 
used to indicate that a signal is inactive or false. 


4.1 SIGNAL DESCRIPTION 


The input and output signals can be functionally organized into the groups shown in Figure 4-1. The 
following paragraphs provide a brief description of the signals and a reference (if applicable) to 
other paragraphs that contain more detail about the function being performed. 


Address 
Bus A1-A23 


Pata Bus>00-016 





. (aL 
O R/W 
© 2 UDS Asynchronous 
Processor = . [Ds aes 
Status 8 5 DTACK 
no | 
oO B 
Paranrod Ss BG Bus Arbitration 
Control BGACK | Control 





System 
Control 


Figure 4-1. Input and Output Signals 


IPL 1 jcenne 
IPL2 Control 


4.1.1 Address Bus (A1 through A23) 


This 23-bit, unidirectional, three-state bus is capable of addressing 8 megawords of data. It provides 
the address for bus operation during all cycles except interrupt cycles. During interrupt cycles, ad- 
dress lines A1, A2, and A3 provide information about what level interrupt is being serviced while ad- 
dress lines A4 through A23 are all set to a logic high. 
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4.1.2 Data Bus (DO through D15) 


This 16-bit, bidirectional, three-state bus is the general purpose data path. It can transfer and accept 
data in either word or byte length. During an interrupt acknowledge cycle, the external device sup- 
plies the vector number on data lines DO-D7. 


4.1.3 Asynchronous Bus Control 


Asynchronous data transfers are handled using the following control signals: address strobe, 
read/write, upper and lower data strobes, and data transfer acknowledge. These signals are ex- 
plained in the following paragraphs. 


4.1.3.1 ADDRESS STROBE (AS). This signal indicates that there is a valid address on the address 
bus. 


4.1.3.2 READ/WRITE (R/W). This signal defines the data bus transfer as a read or write cycle. The 
R/W signal also works in conjunction with the data strobes as explained in the following paragraph. 


4.1.3.3 UPPER AND LOWER DATA STROBE (UDS, LDS). These signals control the flow of data 
on the data bus, as shown in Table 4-1. When the R/W line is high, the processor will read from the 
data bus as indicated. When the R/W line is iow, the processor will write to the data bus as shown. 





Table 41. Data Strobe Control of Data Bus 


ese eee ee 


ener Valid Data Bits Valid Data Bits 
9 8-15 0-7 
Valid Data Bits Valid ee Bits 
8-15 

Valid be Bits Valid Data Bits 

High 0-7 
Valhd Data Bits Valid Data Bits 

Low High Low 8-15 3-15* 


*These conditions are a result of current implementation and may 
not appear on future devices. 












4.1.3.4 DATA TRANSFER ACKNOWLEDGE (DTACK). This input indicates that the data transfer is 
completed. When the processor recognizes DTACK during a read cycle, data is latched and the bus 
cycle terminated. When DTACK is recognized during a write cycle, the bus cycle is terminated. 
(Refer to 4.4 ASYNCHRONOUR VERSUS SYNCHRONOUS OPERATION). 








4.1.4 Bus Arbitration Control 


The three signals, bus request, bus grant, and bus grant acknowledge, form a bus arbitration circuit 
to determine which device will be the bus master device. 
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4.1.4.1 BUS REQUEST (BR). This input is wire ORed with all other devices that could be bus 
masters. This input indicates to the processor that some other device desires to become the bus 
master. 


4.1.4.2 BUS GRANT (BG). This output indicates to all other potential bus master devices that the 
processor will release bus control at the end of the current bus cycle. 


4.1.4.3 BUS GRANT ACKNOWLEDGE (BGACK). This input indicates that some other device has 
become the bus master. This signal should not be asserted until the following four conditions are 
met: 


1. a bus grant has been received, 
2. address strobe is inactive which indicates that the microprocessor iS not using the bus, 


3. data transfer acknowledge is inactive which indicates that neither memory nor peripherals are 
using the bus, and 


4. bus grant acknowledge Is inactive which indicates that no other device its still claiming bus 
mastership. 


4.1.5 Interrupt Control (IPLO, IPL1, IPL2) 


These input pins indicate the encoded priority level of the device requesting an interrupt. Level 
seven is the highest priority while level zero indicates that no interrupts are requested. Level seven 
cannot be masked. The least significant bit is given in IPLO and the most significant bit is contained 
in [PL2. These lines must remain stable until the processor signals interrupt acknowledge (FCO-FC2 
are all high) to insure that the interrupt is recognized. 


4.1.6 System Control 


The system control inputs are used to either reset or halt the processor and to indicate to the pro- 
cessor that bus errors have occurred. The three system control inputs are explained in the following 
paragraphs. 


4.1.6.1 BUS ERROR (BERR). This input informs the processor that there is a problem with the cycle 
currently being executed. Problems may be a result of: 


1. nonresponding devices, 

2. interrupt vector number acquisition failure, 

3. illegal access request as determined by a memory management unit, or 
4. other application dependent errors. 


The bus error signal interacts with the halt signal to determine if the current bus cycle should be re- 
executed or if exception processing should be performed. 


Refer to 4.2.4 Bus Error and Halt Operation for additional information about the interaction of the 
bus error and halt signals. 


4.1.6.2 RESET (RESET). This bidirectional signal line acts to reset (start a system initialization se- 
quence) the processor in response to an external reset signal. An internally generated reset (result 
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of a RESET instruction) causes all external devices to be reset and the internal state of the processor 
is not affected. A total system reset (processor and external devices) is the result of external HALT 
and RESET signals applied at the same time. Refer to 4.2.5 Reset Operation for further information. 


4.1.6.3 HALT (HALT). When this bidirectional line is driven by an external device, it will cause the 
processor to stop at the completion of the current bus cycle. When the processor has been halted 
using this input, all control signals are inactive and all three-state lines are put in their high- 
impedance state (refer to Table 4-3). Refer to 4.2.4 Bus Error and Halt Operation for additional infor- 
mation about the interaction between the HALT and bus error signals. | 


When the processor has stopped executing instructions, such as in a double bus fault condition 
(refer to 4.2.4.4 DOUBLE BUS FAULTS), the HALT line is driven by the processor to indicate to ex- 
ternal devices that the processor has stopped. 


4.1.7 EF6800 Peripheral Control 


These control signals are used to allow the interfacing of synchronous EF6800 peripheral devices 
with the asynchronous TS68000. These signals are explained in the following paragraphs. 


4.1.7.1 ENABLE (E). This signal is the standard enable signal common to all EF6800 type peripheral 
devices. The period for this output is ten TS68000 clock periods (six clocks low, four clocks high). 
Enable is generated by an internal ring counter which may come up in any state (i.e., at power on, it 
is impossible to guarantee phase relationship of E to CLK). E is a free-running clock and runs: 
regardless of the state of the bus on the MPU. 


4.1.7.2 VALID PERIPHERAL ADDRESS (VPA). This input indicates that the device or region ad- 
dressed is an EFG800 Family device and that data transfer should be synchronized with the enable 


(E) signal. This input also indicates that the processor should use automatic vectoring for an inter- 
rupt. Refer to SECTION 6 INTERFACE WITH EF6800 PERIPHERALS. 


4.1.7.3 VALID MEMORY ADDRESS (VMA). This output is used to indicate to EF6800 peripheral 
devices that there is a valid address on the address bus and the processor Is synchronized to enable. 
This signal only responds to a valid peripheral address (VPA) input which indicates that the 
peripheral is an EF6800 Family device. 


4.1.8 Processor Status (FCO, FC1, FC2) 


These function code outputs indicate the state (user or supervisor) and the cycle type currently be- 
ing executed, as shown in Table 4-2. The information indicated by the function code outputs is valid 
whenever address strobe (AS) is active. 


Table 4-2. Function Code Outputs 













ene 







Cycie Type 


| 
Trion | High 
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4.1.9 Clock (CLK) 


The clock input is a TTL-compatible signal that is internally buffered for development of the internal 
clocks needed by the processor. The clock input should not be gated off at any time and the clock 
signal must conform to minimum and maximum pulse width times. 


4.1.10 Signal Summary 


Table 4-3 is a summary of all the signals discussed in the previous paragraphs. 


Table 4-3. Signal Summary 


| | 


[Address Bus_—SSSSCS~*dCCAT A 
50-015 | input Outer 





















Read-Highr 


S| 






























BR nut 
aC Output 
OG, PPL, TUS 
BER 
RESET 
WPA Nc 
Powering SSS ee em 
Ki A (1G (SS TS NE SEES] 


NOTE : 
1 Open drain 


4.2 BUS OPERATION 


The following paragraphs explain control Signal and bus operation during data transfer operations, 
bus arbitration, bus error and hait conditions, and reset operation. 


4.2.1 Data Transfer Operations 


Transfer of data between devices involves the following leads: 

1. address bus Al through A23, 

2. data bus DO through D15, and 

3. control signals. 
The address and data buses are separate parallel buses used to transfer data using an asynchronous 
bus structure. In all cycles, the bus master assumes responsibility for deskewing all signals !t issues 
at both the start and end of a cycle. In addition, the bus master is responsible for deskewing the 
acknowledge and data signals from the slave device. 
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The following paragraphs explain the read, write, and read-modify-write cycles. The indivisible 
read-modify-write cycle is the method used by the TS68000 for interlocked multiprocessor com- 


munications. 


4.2.1.1 READ CYCLE. During a read cycle, the processor receives data from the memory or a 
peripheral device. The processor reads bytes of data in all cases. If the instruction specifies a word 
(or double word) operation, the processor reads both upper and lower bytes simultaneously by 
asserting both upper and lower data strobes. When the instruction specifies byte operation, the 
processor uses an internal AO bit to determine which byte to read and then issues the data strobe re- 
quired for that byte. For byte operations, when the AO bit equals zero, the upper data strobe is 
issued. When the AO bit equals one, the lower data strobe !s issued. When the data Is received, the 
processor correctly positions it internally. 


A word read cycle flowchart is given in Figure 4-2. A byte read cycle flowchart is given in Figure 4-3. 
Read cycle timing is given in Figure 4-4. Figure 4-5 details word and byte read cycle operations. 


BUS MASTER SLAVE 
Address the Device 




















Set R/W to Read 

2) Place Function Code on FCO-FC2 

3) Place Address on A1-A23 _ 

4) Assert Address Strobe (AS) 

5) Assert Upper Data Strobe (UDS) and 
Lower Data Strobe (LDS) 


: Input the Data 


1) Decode Address 

2) Place Data on DO-D15 

3) Assert Data Transfer Acknowledge 
(OTACK) 









Acquire the Data 


1) Latch Data 
2) Negate UDS and LDS 
3) Negate AS 


Terminate the Cycle 


1) Remove Data from DO-D15 
2) Negate DTACK 











| Start Next Cycle 


Figure 4-2, Word Read Cycle Flowchart 
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BUS MASTER SLAVE 






Address the Device 


1) Set R/W to Read 
2) Place Function Code on FCO-FC2 
3) Place Address on Al A23 

4) Assert Address Strobe (AS) 

5) Assert Upper Data Strobe (UDS) or 
Lower Data Strobe (LDS) 


(based on AO) 
















Input the Data 


1) Decode Address 

2) Place Data on DO-D7 or D8-D15 (based on 
UDS or LDS) 

3) Assert Data Transfer Acknowledge 

(DTACK) 


Acquire the Data 








1) Latch Data 
2) Negate UDS or LDS 
3) Negate AS 


Terminate the Cycle 


1) Remove Data from DO-D7 or D8-D15 
2) Negate DTACK 








| Start Next Cycle 


Figure 4-3. Byte Read Cycle Flowchart 
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Figure 4-4. Read and Write Cycle Timing Diagram 
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Figure 4-5. Word and Byte Read Cycle Timing Diagram 


4.2.1.2 WRITE CYCLE. During a write cycle, the processor sends data to either the memory or a 
peripheral device. The processor writes bytes of data in all cases. If the instruction specifies a word 
operation, the processor writes both bytes. When the instruction specifies a byte operation, the 
processor uses an internal AO bit to determine which byte to write and then issues the data strobe 
required for that byte. For byte operations, when the AO bit equals zero, the upper data strobe is 
issued. When the AO bit equals one, the lower data strobe is issued. A word write flowchart is given 
in Figure 4-6. A byte write cycle flowchart is given in Figure 4-7. Write cycle timing is given in Figure 
4-4. Figure 4-8 details word and byte write cycle operation. 


. BUS MASTER SLAVE 


Address the Device 


Place Function Code on FCO-FC2 
2) Place Address on A1-A23 

3) Assert Address Strobe (AS) 

4) Set R/W to Write 

5) Place Data on DO-D15 

6) Assert Upper Data Strobe (UDS) and 
Lower Data Strobe (LDS) 








Input the Data 


1) Decode Address 
2) Store Data on DO-D15 
3) Assert Data Transfer Acknowledge (DTACK) 









Terminate Output Transfer 


1) Negate UDS and LDS : 
2) Negate AS 
3) Remove Data from D0-D15 


4) Set R/W to Read 
Terminate the Cycle 
Start Next Cycle 1) Negate DTACK 





Figure 4-6. Word Write Cycle Flowchart 
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BUS MASTER SLAVE 


Address the Device 


Place Function Code on FCO-FC2 

2) Place Address on A1-A23 

3) Assert Address Strobe (AS) 

4) Set R/W to Write 

5) Place Data on DO-D7 or D8-D15 
(according to AO) 

6) Assert Upper Data Strobe (UBS) or 

Lower Data Strobe (LDS) 

(based on AQ) 











Input the Data 


1) Decode Address _— 
2) Store Data on DO-D7 if LDS is Asserted 
Store Data on D8-D15 if UDS is Asserted 


3) Assert Data Transfer Acknowledge 


(OTACK) 





Negate UDS and LDS 
Negate AS 
Remove Data from D0-D7 or D8-D15 


Set R/W to Read 





Terminate the Cycle 


1) Negate DTACK 


Start Next Cycle 


Figure 4-7. Byte Write Cycle Flowchart 


SO S! S2 $3 S4S5 S6 S7 SO S1° S$2S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6S7 
RO ee Se Ne ee Ne 


wnt =a 


UD 

I 

RW / \ / \ / \ / 

[LO EES GEARS CER STe TE 
* Internal Signal Only 


|p — Word Write ——4¢—___ Odd Byte Write — >< Even Byte Write ——>4 
Figure 4-8. Word and Byte Write Cycle Timing Diagram 
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4.2.1.3 READ-MODIFY-WRITE CYCLE. The read-modify-write cycle performs a read, modifies the 
data in the arithmetic-logic unit, and writes the data back to the same address. In the TS68000, this 
cycle is indivisible in that the address strobe is asserted throughout the entire cycle. The test and set 
(TAS) instruction uses this cycle to provide meaningful communication between processors in a 
multiple processor environment. This instruction is the only instruction that uses the read-modify-. 
write cycles and since the test and set instruction only operates on bytes, all read-modify-write 
cycles are byte operations. A read-modify-write flowchart is given in Figure 4-9 and a timing 
diagram is given in Figure 4-10. 


BUS MASTER SLAVE 


Address the Device 


1) Set R/W to Read 
2) Place Function Code on FCO-FC2 
3) Place Address on A1-A23 


4) Assert Address Strobe (AS) 


5) Assert Upper Data Strobe (UDS) or 
Lower Data Strobe (LDS) Input the Data 





1) Decode Address 
2) Place Data on DO-D7 or D8-D15 


| 3) Assert Data Transfer Acknowledge 


Acquire the Data (DTACK) 


1) Latch Data 
2) Negate UDS or LDS 


3) Start Data Modification Terminate the Cycle 
1) Remove Data from: D0-D7 or D8-D15 
Start Output Transfer 


2) Negate OTACK 
1) Set R/W to Write 


2) Place Data on D0-D7 or D8-D15 
3) Assert Upper Data Strobe (UDS) or Lower 


Data Strobe (LDS) 
Input the Data 


1) Store Data on DO-D7 or 08-D15 
2) Assert Data Transfer Acknowledge 


Terminate Output Transfer (DTACK) 


1) Negate UDS or LDS 
2) Negate AS 
3) Remove Data from DO-D7 or D8-D15 


4) Set R/W to Read Terminate the Cycle 


1) Negate DTACK 
Start Next Cycle 


Figure 4-9. Read-Modify-Write Cycle Flowchart 
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Figure 4-10. Read-Modify-Write Cycle Timing Diagram 


4.2.2 Bus Arbitration 


Bus arbitration is a technique used by master-type devices to request, be granted, and acknowledge 
bus mastership. In its simplest form, it consists of the following: 

1. asserting a bus mastership request, 

2. receiving a grant that the bus is available at the end of the current cycle, and 

3. acknowledging that mastership has been assumed. 
Figure 4-11 is a flowchart showing the detail involved in a request from a single device. Figure 4-12 
is a timing diagram for the same operation. This technique allows processing of bus requests during 
data transfer cycles. | 


The timing diagram shows that the bus request 1s negated at the time that an acknowledge !s 
asserted. This type of operation would be true for a system consisting of the processor and one 
device capable of bus mastership. In systems having a number of devices capable of bus master- 
ship, the bus request line from each device is wire ORed to the processor. In this system, it iS easy 
to see that there could be more than one bus request being made. The timing diagram shows that 
the bus grant signal is negated a few clock cycles after the transition of the acknowledge (BGACK) 
signal. 


However, if the bus requests are still pending, the processor will assert another bus grant within a 
few clock cycles after it was negated. This additional assertion of bus grant allows external arbitra- 
tion circuitry to select the next bus master before the current bus master has completed its re- 
quirements. The following paragraphs provide additional information about the three steps in the 
arbitration process. 
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PROCESSOR 


Grant Bus Arbitration 


1) Assert Bus Grant (BG) 





Terminate Arbitration 


1) Negate BG (and Wait for BGACK to be 
Negated) 








Re-Arbitrate or Resume 
Processor Operation 


Figure 4-11. Bus Arbitration Cycle Flowchart 
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REQUESTING DEVICE 


Request the Bus 


1) Assert Bus Request (BR) 





Acknowledge Bus Mastership 


External Arbitration Determines Next Bus 
Master 

Next Bus Master Waits for Current Cycle to 
Complete 


Next Bus Master Asserts Bus Grant 
Acknowledge (BGACK) to Become New 
Master oa 

Bus Master Negates BR 





Operate as Bus Master | 


1) Perform Data Transfers (Read and Write 
Cycles) According to the Same Rules the 
Processor Uses 







Release Bus Mastership 


1) Negate BGACK 








Processor——>}#—-D MA Device >t Processor ————>» #&@#" —— DMA Device 
Figure 4-12. Bus Arbitration Cycle Timing Diagram 


4.2.2.1 REQUESTING THE BUS. External devices capable of becoming bus masters request the 
bus by asserting the bus request (BR) signal. This is a wire-ORed signal (although it need not be 
constructed from open-collector devices) that indicates to the processor that some external device 
requires control of the external bus. The processor is effectively at a lower bus priority level than the 
external device and will relinquish the bus after it has completed the last bus cycle it has started. 


When no acknowledge Is received before the bus request signal goes inactive, the processor will 
continue processing when it detects that the bus request is inactive. This allows ordinary process- 
ing to continue if the arbitration circuitry responded to noise inadvertently. 


4.2.2.2 RECEIVING THE BUS GRANT. The processor asserts bus grant (BG) as soon as possible. 
Normally this is immediately after internal synchronization. The only exception to this occurs when 
the processor has made an internal decision to execute the next bus cycle but has not progressed 
far enough into the cycle to have asserted the address strobe (AS) signal. In this case, bus grant will 
be delayed until AS is asserted to indicate to external devices that a bus cycle is being executed. 


The bus grant signal may be routed through a daisy- chained network or through a specific priority- 
encoded network. The processor is not affected by the external method of arbitration as long as the 
protocol is obeyed. 


4.2.2.3 ACKNOWLEDGEMENT OF MASTERSHIP. Upon receiving a bus: grant, the requesting 
device waits until address strobe, data transfer acknowledge, and bus grant acknowledge are 
negated before issuing its own BGACK. The negation of the address strobe indicates that the 
previous master has completed its cycle; the negation of bus grant acknowledge indicates that the 
previous master has released the bus. (While address strobe is asserted, no device is allowed to 
“break into” a cycle.) The negation of data transfer acknowledge indicates the previous slave has 
terminated its connection to the previous master. Note that in some applications data transfer 
acknowledge might not enter into this function. General purpose devices would then be connected 
such that they were only dependent on address strobe. When bus grant acknowledge is issued, the 
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device is a bus master until it negates bus grant acknowledge. Bus grant acknowiedge should not 
be negated until after the bus cycle(s) is (are) completed. Bus mastership is terminated at the nega- 
tion of bus grant acknowledge. | 


The bus request from the granted device should be dropped after bus grant acknowledge is 
asserted. If a bus request is still pending, another bus grant will be asserted within a few clocks of 
the negation of the bus grant. Refer to 4.2.3 Bus Arbitration Control. Note that the processor does 
not perform any external bus cycles before it re-asserts bus grant. 


4.2.3 Bus Arbitration Control 


The bus arbitration control unit in the TS68000 is implemented with a finite state machine. A state 
diagram of this machine is shown in Figure 4-13. All asynchronous signals to the TS68000 are syn- 
chronized before being used internally. This synchronization is accomplished in a maximum of one 
cycle of the system clock, assuming that the asynchronous input setup time (#47) has been met 
(see Figure 4-14). The input signal is sampled on the falling edge of the clock and |s valid internally 
after the next falling edge. 


As shown in Figure 4-13, input signals labeled R and A are internally synchronized on the bus re- 
quest and bus grant acknowledge pins respectively. The bus grant output is labeled G and the inter- 
nal three-state control signal T. If T is true, the address, data, and contro! buses are piaced tn a 
high-impedance state when AS is negated. All signals are shown in positive logic (active high) 
regardless of their true active voltage level. State changes (valid outputs) occur on the next rising 
edge after the internal signal is valid. 


A timing diagram of the bus arbitration sequence during a processor bus cycle is shown in Figure 
4-15. The bus arbitration Sequence while the bus is inactive (i.e., executing internal operations such 
as a multiply instruction) is show in Figure 4-16. 


If a bus request is made at a time when the MPU has already begun a bus cycle but AS has not been 
asserted (bus state SO), BG will not be asserted on the next rising edge. Instead, BG will be delayed 
~ until the second rising edge following its internal assertion. This sequence is Shown in Figure 4-17. 


4.2.4 Bus Error and Halt Operation 


In a bus architecture that requires a handshake from an external device, the possibility exists that 
the handshake might not occur. Since different systems will require a different maximum response 
time, a bus error input is provided. External circuitry must be used to determine the duration be- 
tween address strobe and data transfer acknowledge before issuing a bus error signal. When a bus 
error signal is received, the processor has two options: initiate a bus error exception sequence or try 
running the bus cycle again. | 
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RA 





RA NOTE: 


R= Bus Reqest Internal 1. State machine will not change if the bus 

A= Bus Grant Acknowledge Internal RA is SO or S1. Refer to 4.2.3 Bus 

G = Bus Grant Arbitration Contol. 

T = Three State Control to 2. The address bus will be placed in the high- 
Bus Control Logic2 impedance state if T is asserted and AS 

x = Don’t Care is negated. 


Figure 4-13. TSG8000 Bus Arbitration Unit State Diagram 
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Internal Signai Valid 


External Signal Sampled 


CLK 


BR (External) 





R (Internal) a. ae 


Figure 4-14. Timing Relationship of External Asynchronous Inputs 
to Internal Signals 
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BG Asserted 
BR Valid Internal 


BR Sampled 
B ce | 


Bus Released from Three State and 
Processor Starts Next Bus Cycle 
BGACK Negated Internal 
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Figure 4-15. Bus Arbitration Timing Diagram — Processor Active 
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Bus Released from Three State and Processor Starts Next Bus Cycle 
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Figure 4-16. Bus Arbitration Timing Diagram — Bus Inactive 


Bus Three Stated 


BG Asserted Bus Released from Three State and 








pula Processor Starts Next Bus Cycle 
on: Wale tesa! BGACK Negated Internal 
BR Sampled a 
BR A a BGACK Sampled 
sels BGACK cee” | 
CLK 
SO $2 S4 S6 SO S2 $4 S6 SO 
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<———————- Processor oo Alternate Bus Master >< ProCeSSOl ——————-— > 
Figure 4-17. Bus Arbitration Timing Diagram — Special Case 
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4.2.4.1 BUS ERROR OPERATION. When the bus error signal is asserted, the current bus cycle is 
terminated. If BERR is asserted before the falling edge of $2, AS will be negated in S7 in either a 
read or write cycle. As long as BERR remains asserted, the data and address buses will be in the 
high-impedence state. When BERR is negated, the processor will begin stacking for exception pro- 
cessing. Figure 4-18 is a timing diagram for the exception sequence. The sequence is composed of 
the following elements: 

1. stacking the program counter and Status register, 

2. Stacking the error information, 

3. reading the bus error vector table entry, and 

4. executing the bus error handler routine. 
The stacking of the program counter and the status register is the same as if an interrupt had occur- 
red. Several additional items are stacked when a bus error occurs. These items are used to deter- 
mine the nature of the error and correct it, if possible. The bus error vector is vector number two 
located at address $000008. The processor loads the new program counter from this location. A 
software bus error handler routine is then executed by the processor. Refer to 5.2 EXCEPTION 
PROCESSING for additional information. 


Initiate R Fail : eee Initiate Bus 
 Feag *—— esponse Fai one Seen Bus Error Detection SSeS Stacking 
Figure 4-18. Bus Error Timing Diagram 


4.2.4.2 RE-RUN OPERATION. When, during a bus cycle, the processor receives a bus error signal 
and the halt pin is being driven by an external device, the processor enters the re-run Sequence. 
Figure 4-19 is a timing diagram for re-running the bus cycle. 


The processor terminates the bus cycle, then puts the address and data output lines in the high- 
impedence state. The processor remains ‘‘halted’’, and will not run another bus cycle until the halt 
Signal is removed by external logic. Then the processor will re-run the previous cycle using the same 
function codes, the same data (for a write operation), and the same controls. The bus error signal 
should be removed at least one clock cycle before the halt signal is removed. 


NOTE 


The processor will not re-run a read-modify-write cycle. This restriction is made to 
guarantee that the entire cycle runs correctly and that the write operation of a test-and- 
set operation is performed without ever releasing AS. If BERR and HALT are asserted 
during a read-modify-write bus cycle, a bus error operation results. - 
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Figure 4-19. Re-Run Bus Cycle Timing Diagram 


4.2.4.3 HALT OPERATION. The halt input signal to the TS68000 performs a halt/run/single-step 
function in a similar fashion to the EF6800 halt function. The halt and run modes are somewhat self 
explanatory in that when the halt signal is constantly active the processor ‘‘halts’’ (does nothing) 
and when the halt signal is constantly inactive the processor ‘‘runs’’ (does something). 


This single-step mode is derived from correctly timed transitions on the halt signal input. It forces 
the processor to execute a Single bus cycle by entering the run mode until the processor Starts a bus 
cycle then changing to the halt mode. Thus, the single-step mode allows the user 16 procerd 
through (and therefore debug) processor operations one bus cycle at a time. 


Figure 4-20 details the timing required for correct single-step operations. Some care must be exer- 
cised to avoid harmful interactions between the bus error signal and the halt pin when using the 


single-cycle mode as a debugging tool. This is also true of interactions between the halt and reset 
lines since these can reset the machine. 


~~ eas >} « —__——— Halt Oh ——__ Read >| 


Figure 4-20. Halt Processor Timing Diagram 
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When the processor completes a bus cycle after recognizing that the halt signal is active, most 
three-state signals are put in the high-impedence state, these include: 


1. address lines, and 
2. data lines. 
This is required for correct performance of the re-run bus cycle operation. 


While the processor is honoring the halt request, bus arbitration performs as usual. That is, halting 
has no effect on bus arbitration. It is the bus arbitration function that removes the control signals 
from the bus. 


The halt function and the hardware trace capability allow the hardware debugger to trace single bus 
cycles or single instructions at a time. These processor capabilities, along with a software debugg- 
ing package, give total debugging flexibility. 


4.2.4.4 DOUBLE BUS FAULTS. When a bus error exception occurs, the processor will attempt to 
stack several words containing information about the state of the machine. If a bus error exception 
occurs during the stacking operation, there have been two bus errors in a row. This is commonly 
referred to as a double bus fault. When a double bus fault occurs, the processor will halt. Once a 
bus error exception has occurred, any bus error exception occurring before the execution of the 
next instruction constitutes a double bus fault. 


Note that a bus cycle which is re-run does not constitute a bus error exception and does not con- 
tribute to a double bus fault. Note also that this means that as long as the external hardware re- 
quests it, the processor will continue to re-run the same bus cycle. 


The bus error pin also has an effect on processor operation after the processor receives an external 
reset input. The processor reads the vector table after a reset to determine the address to Start pro- 
gram execution. If a bus error occurs while reading the vector table (or at any time before the first 
instruction Is executed), the processor reacts as if a double bus fault has occurred and it halts. Only 
an external reset will start a halted processor. 


4.2.5 Reset Operation 


The reset signal is a bidirectional signal that allows either the processor or an external signal to reset 
the system. Figure 4-21 is a timing diagram for the reset operation. Both the halt and reset lines 
must be asserted to ensure total reset of the processor. 


When the reset and halt lines are driven by an external device, it is recognized as an entire system 
reset, including the processor. The processor responds by reading the reset vector table entry ivec- 
tor number zero, address $000000) and loads it into the supervisor stack pointer (SSP). Vector table 
entry number one at address $000004 is read next and loaded into the program counter. The pro- 
cessor initializes the status register to an interrupt level of seven. No other registers are affected by 
the reset sequence. 


When a reset instruction is executed, the processor drives the reset pin for 124 clock periods. In this 
case, the processor is trying to reset the rest of the system. Therefore, there is no effect on the 


3-40 


internal state of the processor. All of the processor's internal registers and the status register are 
unaffected by the execution of a reset instruction. All external devices connected to the reset line 
will be reset at the completion of the reset instruction. 


Asserting the reset and halt lines for ten clock cycles will cause a processor reset, except when VCC 
iS initially applied to the processor. In this case, an external reset must be applied for at least 100 
milliseconds. 


CLK 


Plus 5 Volts a luv tt~<“—=Cs™S—S—~—<s TT 


e- = t- >100 Milliseconds —>4 





RESET 
HALT | 
<<——p}- <4 Clocks j~ag- 1 >| 
Bus Cycles 
2 3 4 5 6 
NOTES 
1) Internal start-up time 4) PC High read in here Bus State Unknown: KXXX 


2) SSP High read in here 5) PC Low read in here 


3) SSP Low readin here’ 6) First Instruction fetched here AL Contrel Signals Inachve: 


Data Bus In Read Mode: 


Figure 4-21. Reset Operation Timing Diagram 


4.3 THE RELATIONSHIP OF DTACK, BERR, AND HALT 


In order to properly control termination of a bus cycle for a re-run or a bus error condition, DIAC, 
BERR, and HALT should be asserted and negated on the rising edge of the TS68000 clock. [his 
will assure that when two Signals are asserted simultaneously, the required setup time (#47) for 
both of them will be met during the same bus state. 


This, or some equivalent precaution, should be designed external to the TS68000. Parameter #48 
is intended to ensure this operation in a totally asynchronous system, and may be ignored if the 
above conditions are met. 


The preferred bus cycle terminations may be summarized as follows (case numbers refer to Table 
4-4): 
Normal Termination: DTACK occurs first (case 1). 
Halt Termination: HAL is asserted at the same time or before DTACK and BERR remains 
negated (cases 2 and 3). 
Bus Error Termination: BERR is asserted in lieu of, at the same time, or before DTACK (case 
4); BERR is negated at the same time or after DTACK. 
Re-Run Termination: | HALT and BERR are asserted in lieu of, at the same time, or before 
DTACK (cases 6 and 7); HALT must be held at least one cycle after 


BERR. Case 5 indicates BERR may precede HALT on all mask sets 
which allows fully asynchronous assertion. 
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Table 4-4 details the resulting bus cycle termination under various combinations of control signal se- 
quences. The negation of these same control signals under several conditions is shown in Table 4-5 
(DTACK is assumed to be negated normally in all cases; for best results, both DTACK and BERR 
should be negated when address strobe is negated). 


Table 4-4. DTACK, BERR, and HALT Assertion Results 


Asserted’on Rising 
Case | Control | “Edge of State 
No. Signal 


Normal cycle terminate and continue. 

Normal cycle terminate and halt. Continue when HALT removed. 
Normal cycle terminate and halt. Continue WHE HALT famoved. 
Terminate and take bus error trap 
Terminate and re-run. 

Terminate and re-run when HALT removed. 


Terminate and re-run when HALT removed 





ZZ 2. Zlz zz\.2.|z2 

pasboabosfpe~bazhsefee> 
a Z = 
OEX|NHx|POx|Znxln Zo ln x nx x w fF 


Legend: 
N — the number of the current even bus state (eg, S4, S6. etc ) 
A — signal is asserted in this bus state 
NA — signal is not asserted in this state 
X -- don’t care 
S — signal was asserted in previous State and remains asserted in this state 


Table 4-5. BERR and HALT Negation Results 


Conditions of Euatiol Negated on Rising 
Termination in : Edge of State Results — Next Cycle 


N+2] 
legal : r 
Reena gai sequence; usually traps to 
vector number 0. 





® = Signal is negated in this bus state. 
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EXAMPLE A: 
A system uses a watch-dog timer to terminate accesses to unpopulated address space. The 
timer asserts DTACK and BERR simultaneously after time out (case 4). 

EXAMPLE B: 
A system uses.error detection on RAM contents. Designer may (a) delay DTACK until 
data verified and return BERR and HALT simultaneously to re-run error cycle (case 6), or if 
valid, return DTACK (case 1); (b) delay DTACK until data verified and return BERR at same 
time as DTACK if data in error (case 4). 











4.4 ASYNCHRONOUS VERSUS SYNCHRONOUS OPERATION 


4.4.1 Asynchronous Operation 


To achieve clock frequency independence at a system level, the TS68000 can be used in an asyn- 
chronous manner. This entails using only the bus handshake lines (AS, UDS, LDS, DTACK, BERR, 
HALT, and VPA) to control the data transfer. Using this method, AS signals the start of a bus cycle 
and the data strobes are used as a condition for valid data on a write cycle. The slave device 
(memory or peripheral) then responds by placing the requested data on the data bus for a read cycle 
or latching data on a write cycle and asserting the data transfer acknowlege signal (DTACK) to ter- 
minate the bus cycle. If no slave responds or the access 1s invalid, external control logic asserts the 
BERR, or BERR and HALT, signal to abort or rerun the bus cycle. 





The DTACK signal is allowed to be asserted before the data from a slave device is valid on a read 
cycle. The length of time that DTACK may precede data is given as parameter #31 and it must be 
met in any asynchronous system to insure that valid data is latched into the processor. Notice: that 
there is no maximum time specified from the assertion of AS to the assertion of DTACK. This is 
because the MPU will insert wait cycles of one clock period each until DTACK is recognized. 








4.4.2 Synchronous Operation 


To allow for those systems which use the system clock as a signal to generate DI ACK and other 
asynchronous inputs, the asynchronous input setup time is given aS parameter #47. If this Setup Is 
met on an input, such as DTACK, the processor is guaranteed to recognize that signal on the next 
falling edge of the system clock. However, the converse is not true — if the input signal does not 
meet the setup time it is not guaranteed not to be recognized. !In addition, if DTACK is recognized 
on a falling edge, valid data will be latched into the processor (on a read cycle) on the next falling 
edge provided that the data meets the setup time given as parameter #27. Given this, parameter #31 
may be ignored. Note that if DTACK is asserted, with the required setup time, before the falling 
edge of S4, no wait states will be incurred and the bus cycle will run at its maximum speed of four 
clock periods. 








NOTE 
During an active bus cycle, BERR is sampled on every falling edge of the clock starting 
with S2. DTACK is sampled on every falling edge of the clock starting with S4 and data is 
latched on the falling edge of S6 during a read. The bus cycle will then be terminated tn 
S7 except when BERR is asserted in the absence of DTACK, in which case it will ter- 
minate one clock cycle later in S9. VPA is sampled only on the third falling edge of the 
system clock before the rising edge of the E clock. 
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SECTION 5 
PROCESSING STATES 


This section describes the actions of the TS68000 which are outside the normal processing 
associated with the execution of instructions. The functions ot the bits in the supervisor portion of 
the status register are covered: the Supervisor/user bit, the trace enable bit, and the processor inter- 
rupt priority mask. Finally, the Sequence of memory references and actions taken by the processor 
on exception conditions are detailed. 


The TS68000 is always in one of three processing states : normal, exception, or halted. The normal 
processing State is that associated with instruction execution; the memory references are to fetch 


instructions and operands, and to store results. A special case of the normal state is the stopped 
State which the processor enters when a stop instruction is executed. In this state, no further 
references are made. 


The exception processing state is associated with interrupts, trap instructions, tracing, and other 
exceptional conditions. The exception may be internally generated by an instruction or by an 
unusual condition arising during the execution of an instruction. Externally, exception processing 
can be forced by an interrupt, by a bus error, or by a reset. Exception processing is design 

vide an efficient context switch so that the processor may handle unusual conditions. 


The halted processing state is an indication of catastrophic hardware failure. For example, if during 
the exception processing of a bus error another bus error occurs, the processor assumes that the 
system Is unusab!e and halts. Only an external reset can restart a halted processor. Note that a pro- 
cessor in the stopped state is not in the halted state, nor vice versa. 


5.1 PRIVILEGE STATES 


The processor operates in one of two States of privilege: the ‘‘supervisor’’ state or the ‘‘user’’ state. 
The privilege state determines which operations are legal, are used to choose between the super- 
visor Stack pointer and the user stack pointer in instruction references, and may by used by an ex- 
ternal memory management device to control and translate accesses. 


The privilege state is a mechanism for providing security in a computer system. Programs should 
access only their own code and data areas, and ought to be restricted from accessing information 
which they do not need and must not modify. 


The privilege mechanism provides security by allowing most programs to execute in user state. In 
this state, the accesses are controlled, and the effects on other parts of the system are limited. The 
Operating system executes in the Supervisor state, has access to all resources, and performs the 
overhead tasks for the user state programs. 
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5.1.1 Supervisor State 


The supervisor state is the higher state of privilege. For instruction execution, the supervisor State 1s 
determined by the S bit of the status register; if the S bit is asserted (high), the processor is in the 
supervisor state. All instructions can be executed in the supervisor state. The bus cycles generated 
‘by instructions executed in the supervisor state are classified as Supervisor references. While the 
processor is in the supervisor privilege state, those instructions which use either the system stack 
pointer implicitly or address register seven explicitly access the supervisor stack pointer. 


All exception processing is done in the supervisor state, regardless of the setting of the S bit. The 
bus cycles generated during exception processing are classified as supervisor references. All stack- 
ing Operations during exception processing use the Supervisor stack pointer. 


5.1.2 User State 


The user state is the lower state of privilege. For instruction execution, the user State is determined 
by the S bit of the status register; if the S bit is negated (low), the processor is executing instruc- 
tions in the user State. 


Most instructions execute the same in user state as in the Supervisor state. However, some instruc- 
tions which have important system effects are made privileged. User programs are not permitted to 
execute the stop instruction or the reset instruction. To ensure that a user program cannot enter the 
supervisor state except in a controlled manner, the instructions which modify the whole state 
register are privileged. To aid in debugging programs which are to be used as operating systems, 
the move to user stack pointer (MOVE to USP) and move from user stack pointer (MOVE from 
USP) instructions are also privileged. 


The bus cycles generated by an instruction executed In the user State are classified as user state 
references. This allows an external memory management device to translate the address and to 
control access to protected portions of the address space. While the processor is in the user 
privilege state, those instructions which use either the system stack pointer implicitly or address 
register seven explicitly, access the user stack pointer. 


5.1.3 Privilege State Changes 


Once the processor is in the user state and executing instructions, only exception processing can 
change the privilege state. During exception processing, the current setting of the S bit of the 
Status register is Saved and the S bit is asserted, putting the processor in the Supervisor State. 
Therefore, when instruction execution resumes at the address specified to process the exception, 
the processor is in the supervisor privilege state. 


5.1.4 Reference Classification 


When the processor makes a reference, it classifies the kind of reference being made, using the en- 
coding on the three function code output lines. This allows external translation of addresses, con- 
trol of access, and differentiation of special processor State, Such as interrupt acknowledge. Table 
5-1 lists the classification of references. 
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Table 5-1. Bus Cycle Classification 


po 0 | 0 | Wnassgneat 
a 2 
a 


5.2 EXCEPTION PROCESSING 


Before discussing the details of interrupts, traps, and tracing, a general description of exception 
processing is in order. The processing of an exception occurs in four steps, with variations for dif- 
ferent exception causes. During the first step, a temporary copy of the status register Is made and 
the status register is set for exception processing. In the second step the exception vector is deter- 
mined and the third step is the saving of the current processor context. In the fourth step a new 
context is obtained and the processor switches to instruction processing. 








Function Code Output 
Reference Class 








(Unassigned) 


Supervisor Data 
Supervisor Program 


Interrupt Acknowledge 





(Unassigned) 





5.2.1 Exception Vectors 


Exception vectors are memory locations from which the processor fetches the address of a routine 
which will handle that exception. All exception vectors are two words in length (Figure 5-1), except 
for the reset vector which is four words. All exception vectors lie in the Supervisor data space, ex- 
cept for the reset vector which is in the supervisor program space. A vector number is an 8-bit 
number which, when multiplied by four, gives the address of an exception vector. Vector numbers 
are generated internally or externally, depending on the cause of the exception. In the case of inter- 
rupts, during the interrupt acknowledge bus cycle, a peripheral provides an 8-bit vector number 
(Figure 5-2) to the processor on data bus lines DO through D7. The processor translates the vector 
number into a full 24-bit address, shown in Figure 5-3. The memory layout for exception vectors is 


given in Table 5-2. 
New Program Counter (High) 
New Program Counter (Low) 


Figure 5-1. Format of Vector Table Entries 





Word 0 A0=0, Al=0 





Word 1 A0O=0, Al=1 


015 D8 D7 DO 
Where 


v7 is the MSB of the Vector Number 
vO is the LSB of the Vector Number 


Figure 5-2. Vector Number Format 


A23 ; A10 AO 


Figure 5-3. Exception Vector Address Calculation 
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As shown in Table 5-2, the memory layout is 512 words long (1024 bytes). It starts at address 0 and 
proceeds through address 1023. This provides 255 unique vectors; some of these are reserved for 
TRAPS and other system functions. Of the 255, there are 192 reserved for user interrupt vectors. 
However, there is no protection on the first 64 entries, so user genet vectors mav overlap at the 
discretion of the systems designer. 


5.2.2 Kinds of Exceptions 


Exceptions can be generated by either internal or external causes. The externally generated excep- 
tions are the interrupts and the bus error and reset, requests. The interrupts are requests from 


Table 5-2. Exception Vector Table 


Number(s) | Dec | Hex |Space | 
SS IS 
oh | Reser nit PC 
2 8 oe sos Error 
P33 pa | wes [Adress ror 
Pe 6 | 01080 [eget instruction 
Pe me oe so [Zero Divide 
Pe me fe so [CHK Inatruction 
[7 28 | oc | sb | TRAPV Instruction 
| 8 | x2 | 020 | so | Privilege Violation 
a Ee 
Po (fo | 0 fs | tine 10 Emulator __—| 
id mf one | SD | tine 1111 Emulator —_— 
[ia* Fe [030 [Sd | iWnassigned, Reserved) —_| 
| 4* | 6 | 038_~| SD | (Unassigned, Reserved) _| 
pS osc | SD | Uninitiaized Interrupt Vector _| 
Pwe2s" [em | oc [so | (Unassigned, Reserved) 

ees ne 
Pe 6 | 060 SD | Spunous interrupt | 
[25 | 100 | 064 | SO | Level 1 Interrupt Autovector_| 
| 26 104 | ~068 | SD | Level 2 Interrupt Autovector 
Level 3 Interrupt Autovector 
P30] 120 | 078 | SD | Level 6 interrupt Autovector | 
| at | 124 [orc | Sd | Level7 Interrupt Autovector _| 
| 3247 {128 | a0 | SO | TRAP instruction Vectors | 
SR 2 M2 RA AE 

ee) Oe ee 
| 64-266 | 256 | 100 | SD | User Interrupt Vectors | 
ees 6 ee ae ee 


*Vector numbers 12 13 14 16 through 23, and 48 
through 63 are reserved for future enhancements by 
THOMSON SEMICONDUCTEURS. No user peripheral 
devices should be assigned these numbers. 
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peripheral devices for processor action while the bus error and reset inputs are used for access con- 
trol and processor restart. The internally generated exceptions come from instructions, or from ad- 
dress errors or tracing. The trap (TRAP), trap on overflow (TRAPV), check data register against up- 
per bounds (CHK), and divide (DIV) instructions all can generate exceptions as part of their instruc- 
tion execution. In addition, illegal instructions, word fetches from odd addresses, and privilege 
violations cause exceptions. Tracing behaves like a very high-priority internally-generated interrupt 
after each instruction execution. 


5.2.3 Exception Processing Sequence 


Exception processing occurs in four identifiable steps. In the first step, an internal copy iS made of 
the status register. After the copy is made, the S bit is asserted, putting the processor into the 
supervisor privilege state. Also, the T bit is negated which will allow the exception handler to ex- 
ecute unhindered by tracing. For the reset and interrupt exceptions, the interrupt priority mask is 
also updated. 


In the second step, the vector number of the exception is determined. For interrupts, the vector 
number is obtained by a processor fetch and classified as an interrupt acknowledge. For all other ex- 
ceptions, internal logic provides the vector number. This vector number is then used to generate the 
address of the exception vector. 


The third step is to save the current processor status, except for the reset exception. The current 
program counter value and the saved copy of the status register are stacked using the Supervisor 
stack pointer as shown in Figure 5-4. The program counter value stacked usually points to the next 
unexecuted instruction; however, for bus error and address error, the value stacked for the program 
counter is unpredictable, and may be incremented from the address of the instruction which caused 
the error. Additional information defining the current context is stacked for the bus error and ad 
dress error exceptions. 


The last step is the same for all exceptions. The new program counter value is fetched from the ex- 


ception vector. The processor then resumes instruction execution. The instruction at the address 
given in the exception vector is fetched, and normal instruction decoding and execution is started. 


Status Register 


Program Counter == == <=> SS eS eS 


SS? -——> 





Higher 
Addresses 


Figure 5-4. Exception Stack Order (Groups 1 and 2) 


5.2.4 Multiple Exceptions 


These paragraphs describe the processing which occurs when multiple exceptions arise 
simultaneously. Exceptions can be grouped according to their occurrence and priority. The group 0 
exceptions are reset, bus error, and address error. These exceptions cause the instruction currently 
being executed to be aborted and the exception processing to commence within two clock cycles. 
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The group 1 exceptions are trace and interrupt, as well as the privilege violations and illegal instruc- 
tions. These exceptions allow the current instruction to execute to completion, but pre-empt the ex- 
ecution of the next instruction by forcing exception processing to occur (privilege violations and il- 
legal instructions are detected when they are the next instruction to be executed). The group 2 ex- 
ceptions occur as part of the normal processing of instructions. The TRAP, TRAPV, CHK, and zero 
divide exceptions are in this group. For tnese exceptions, the normal execution of an instruction 
may lead to exception processing. 


Group 0 exceptions have highest priority, while group 2 exceptions have lowest priority. Within 
group O, reset has highest priority, followed by bus error and then address error. Within group 1, 
trace has priority over external interrupts, which in turn takes priority over illegal instruction and 
privilege violation. Since only one instruction can be executed at a time, there is no priority relation 
within group 2. 


The priority relation between two exceptions determines which is taken, or taken first, if the condi- 
tions for both arise simultaneously. Therefore, if a bus error occurs during a TRAP instruction, the 
bus error takes precedence, and the TRAP instruction processing is aborted. In another example, if 
an interrupt request occurs during the execution of an instruction while the T bit is asserted, the 
trace exception has priority, and is processed first. Before instruction processing resumes, 
however, the interrupt exception is also processed, and instruction processing commences finally in 
the interrupt handler routine. A Summary of exception grouping and priority is given in Table 5-3. 


Table 5-3. Exception Grouping and Priority 


Processing 








Exception 







Reset - 
Address Error 
Bus Error 


Exception processing begins 
within two clock cycles 









Exception processing begins before 
the next instruction 








Interrupt . 
itlegal 
Privilege 
TRAP, TRAPV, 
CHK, 
Zero Divide 














Exception processing Is started by 
normal instruction execution 


5.3 EXCEPTION PROCESSING DETAILED DISCUSSION 


Exceptions have a number of sources and each exception has processing which is peculiar to it. The 
following paragraphs detail the sources of exceptions, how each arises, and how each is processed. 


5.3.1 Reset 


The reset input provides the highest exception level. The processing of the reset signal is designed 
for system initiation and recovery from catastrophic failure. Any processing in progress at the time 
of the reset is aborted and cannot be recovered. The processor is forced into the supervisor state 
and the trace State is forced off. The processor interrupt priority mask is set at level seven. The vec- 
tor number is internally generated to reference the reset exception vector at location 0 in the super- 
visor program space. Because no assumptions can be made about the validity of register contents, 
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in particular the supervisor Stack pointer, neither the program counter nor the status register Is Sav- 
ed. The address contained in the first two words of the reset exception vector is fetched as the ini- 
tial Supervisor stack pointer, and the address in the last two words of the reset exception vector is 
fetched as the initial program counter. Finally, instruction execution is started at the address in the 
program counter.. The power-up/restart code should be pointed to by the initial program counter. 


The reset instruction does not cause loading of the reset vector, but does assert the reset line to 
reset external devices. This allows the software to reset the system to a known State and then con- 
tinue processing with the next instruction. 


5.3.2 Interrupts 


Seven levels of interrupt priorities are provided. Devices may be chained externally within interrupt 
priority levels, allowing an unlimited number of peripheral devices to interrupt the processor. Inter- 
rupt priority levels are numbered from one to Seven, with level seven being the highest priority. The 
Status register contains a 3-bit mask which indicates the current processor priority, and interrupts 
are inhibited for all priority levels less than- or equal to the current processor priority. 


An interrupt request is made to the processor by encoding the interrupt request level on the inter- 
rupt request lines; a zero indicates no interrupt request. Interrupt requests arriving at the processor 
do not force immediate exception processing, but are made pending. Pending interrupts are 
detected between instruction executions. If the priority of the pending interrupt is lower than or 
equal to the current processor priority, execution continues with the next instruction and the inter- 
rupt exception processing is postponed. (The recognition of level seven is slightly different, as ex- 
plained in the following paragraph.) 


If the priority of the pending interrupt is greater than the current processor priority, the exception 
processing Sequence is started. A copy of the status register is saved, the privilege state is Sent to 
the supervisor stack, tracing is suppressed, and the processor priority level is set to the level of the 
interrupt acknowledged. The processor fetches the vector number from the interrupting device, 
classifying the reference as an interrupt acknowledge and displaying the level number of the inter- 
rupt being acknowledged on the address bus. If external logic requests an automatic vectoring, the 
processor internally generates a vector number which is determined by the interrupt level number. If 
external logic indicates a bus error, the interrupt is taken to be spurious, and the generated vector 
number references the spurious interrupt vector. The processor then proceeds with the usual ex- 
ception processing, saving the program counter and status register on the supervisor stack. The 
saved value of the program counter is the address of the instruction which would have been ex- 
ecuted had the interrupt not been present. The content of the interrupt vector whose vector 
number was previously obtained is fetched and loaded into the program counter, and normal in- 
struction execution commences in the interrupt handling routine. A flowchart for the interrupt 
acknowledge sequence is given in Figure 5-5, a timing diagram is given in Figure 5-6, and the inter- 
rupt processing sequence is shown in Figure 5-7. 


Priority level Seven is a special case. Level seven interrupts cannot be inhibited by the interrupt 
priority mask, thus providing a ‘‘non-maskable interrupt’ capability. An interrupt is generated each 
‘time the interrupt request level changes from some lower level to level seven. Note that a level seven 
interrupt may still be caused by the level comparison if the request level is a seven and the processor 
priority is set to a lower level by an instruction. 
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PROCESSOR INTERRUPTING DEVICE 


Grant the Interrupt "Request the Interrupt 


1) Compare Interrupt Level in Status Register 
and Wait for Current Instruction to Complete 
2) Assert Address Strobe (AS) 
3) Place Interrupt Level on Al, A2, A3 
4) Set Function Code to Interrupt Acknowledge Provide the Vector Number 





5) Assert Address Strobe (AS) 
6) Assert Data Strobes (UDS* and LDS) 1) Place Vector Number on DO-D7 
2) Assert Data Transfer Acknowledge :DTACK) 





Acquire the Vector Number 









1) Latch Vector Number 
2) Negate UDS and LDS 


1) Negate DTACK 
Start Interrupt Processing 


* Although a vector number is one byte, both data strobes are asserted due to the microcode used tor exception processing The 
processor does not recognize anything on data lines D8 through D156 at this trme 


Figure 5-5. Vector Acquisition Flowchart 





Last Bus Cycle of Instruction Stack IACK Cycle Stack and 


(Read or Write) PCL (Vector Number Acquisition) Vector Fetch 
I Phe ssp) Ph ates | 


* Although a vector number is one byte, both data strobes are asserted due to the microcode used for exception processing The pro- 
cessor does not recognize anything on data lines D8 through D15 at this time. . 








Figure 5-6. Interrupt Acknowledge Cycle Timing Diagram 
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Last Bus Cycle 
lA 
at Instructor Stack CK Stack Stack 


(Ounng Which PCL Ga a ne Status PCH 


interrupt Was (at SSP — 2) sane (at SSP — 6) (at SSP — 4) 
Acquisition) 


Ree ognized! 


Read Read Fetch First Two 

Vector Vector Instruction Words 

High Low of Interrupt 
{A16-A31) (AQ A15) Routine 





NOTE SSP refers to the value of the supervisor stack pointer before the interrupt occurs. 


Figure 5-7. Interrupt Processing Sequence 


5.3.3 Uninitialized Interrupt 


An interrupting device asserts VPA or provides an interrupt during an interrupt acknowledge cycle 
to the TS68000. If the vector register has not been initialized, the responding TS68000 Family 
peripheral will provide vector 15, the uninitialized interrupt vector. This provides a uniform way to 
recover from a programming error. 


5.3.4 Spurious Interrupt 


If during-the interrupt acknowledge cycle no device responds by asserting DTACK or VPA, the bus 
error line should be asserted to terminate the vector acquisition. The processor separates the pro- 
cessing of this error from bus error by fetching the spurious interrupt vector instead of the bus error 
vector. The processor then proceeds with the usual exception processing. 


5.3.5 Instruction Traps 


Traps are exceptions caused by instructions. They arise either from processor recognition of abnor- 
mal conditions during instruction execution, or from use of instructions whose normal behavior is 


trapping. 


Some instructions are used specifically to generate traps. The TRAP instruction always forces an 
exception and is useful for implementing system calls for user programs. The TRAPV and CHK in- 
Structions force an exception if the user program detects a runtime error, which may be an 
arithemetic overflow or a subscript out of bounds. 


The signed divide (DIVS) and unsigned (DIVU) instructions will force an exception if a division 
operation is attempted with a divisor of zero. 


5.3.6 Illegal and Unimplemented Instructions 


‘Illegal instruction’ is the term used to refer to any of the word bit patterns which are not the bit 
pattern of the first word of a legal instruction. During instruction execution, if such an instruction ts 


3-53 


fetched, an illegal instruction exception occurs. THOMSON SEMICONDUCTEURS reserves the 
right to define instructions whose opcodes may be any of the illegal instructions. Three bit patterns 
will always force an illegal instruction trap on all TS68000 Family compatible microprocessors. They 
are : $4AFA, $4AFB, and $4AFC. Two of the patterns, $4AFA and $4AFB, are reserved for 
THOMSON SEMICONDUCTEURS system products. The third pattern, S4AFC, is reserved for cus- 
tomer use. 


Word patterns with bits 15 through 12 equaling 1010 or 1111 are distinguished as unimplemented in- 
Structions and separate exception vectors are given to these patterns to permit efficient emulation. 
This facility allows the operating system to detect program errors, or to emulate unimplemented in- 
structions in software. 


5.3.7 Privilege Violations 


In order to provide system security, various instructions are privileged. An attempt to execute one 
of the privileged instructions while in the user state will cause an exception. The privileged instruc- 
tions are: 


STOP AND Immediate to SR 
RESET. EOR Immediate to SR 
RTE OR Immediate to SR 
MOVE to SR MOVE USP 


5.3.8 Tracing 


To aid in program development, the TS68000 includes a facility to allow instruction-by-instruction 
tracing. In the trace state, after each instruction is executed an exception is forced, allowing a 
debugging program to monitor the execution of the program under test. 


The trace facility uses the T bit in the Supervisor portion of the status register. If the T bit is negated 
(off), tracing is disabled, and instruction execution proceeds from instruction to instruction as nor- 
mal. If the T bit is asserted (on) at the beginning of the execution of an instruction, a trace exception 
will be generated after the execution of that instruction is completed. If the instruction is not ex- 
ecuted, either because an interrupt is taken, or the instruction is illegal or privileged, the trace ex- 
ception does not occur. The trace exception also does not occur if the instruction is aborted by a 
reset, bus error, or address error exception. If the instruction is indeed executed and an interrupt is 
pending on completion, the trace exception is processed before the interrupt exception. If, during 
the execution of the instruction an exception is forced by that instruction, the forced exception is 
processed before the trace exception. 


As an extreme illustration of the above rules, consider the arrival of an interrupt during the execu- 
tion of a TRAP instruction while tracing is enabled. First the trap exception is processed, then the 
trace exception, and finally the interrupt exception. Instruction execution resumes in the interrupt 
handler routine. 


5.3.9 Bus Error 


Bus error exceptions occur when the external logic requests that a bus error be processed by an ex- 
ception. The current bus cycle which the processor is making is then aborted. Whether the pro- 
cessor was doing instruction or exception processing, that processing is terminated, and the pro- 
cessor immediately begins exception processing. 
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Exception processing for the bus error follows the usual sequence of steps. The status register 1s 
copied, the supervisor state is entered, and the trace state is turned off. The vector number |s 
generated to refer to the bus error vector. Since the processor was not between instructions when 
the bus error exception request was made, the context of the processor is more detailed. To save 
more of this context, additional information is saved on the supervisor stack. The program counter 
and the copy of the status register are of course saved. The value saved for the program counter Is 
advanced by some amount, one to five words beyond the address of the first word of the instruc: 
tion which made the reference causing the bus error. If the bus error occurred during the fetch of 
the next instruction, the saved program counter has a value in the vicinity of the current instruction, 
even if the current instruction is a branch, a jump, or a return instruction. Besides the usual informa: 
tion, the processor Saves its internal copy of the first word of the instruction being processed and 
the address which was being accessed by the aborted bus cycle. Specific information about the ac- 
cess is also Saved: whether it was a read or a write, whether or not the processor was processing an 
instruction, and the classification displayed on the function code outputs when the bus error occur- 
red. The processor is processing an instruction if it is in the normal state or processing a group 2 ex- 
ception; the processor is not processing an instruction if it is processing a group O or a group 1 ex: 
ception. Figure 5-8 illustrates how this information is organized on the Supervisor stack. Although 
this information is not sufficient in general to effect full recovery from the bus error, it does allow 
software diagnosis. Finally, the processor commences instruction processing at the address con- 
tained in vector number two. It is the responsibility of the error handler routine to clean up the stack 
and determine where to continue execution. 


15 14 13 12 ia 10 9 8 7 6 5 4 3 Z ] 0 


— Access Address — — ~ — ~— ~~ -——— — —- ee ~~ -— ~~ — 4 


Low 
eee Higher 


Addr 
Instruction Register ddresses 


Status Register 








High 
oS POUL AUT oO er a: Sere as a a as erm ee em, es rel ee es oe Sr oe a en ee 
Low 
R/W (read/write) write=O0O, read=1 I/N (instruction/not) instruction=0, not= 1 


Figure 5-8. Exception Stack Order (Group 0) 


If a bus error occurs during the exception processing for a bus error, address error, or reset, the pro- 
cessor is halted and dll processing ceases. This simplifies the detection of catastrophic system 
failure, since the processor removes itself from the system rather than destroy any memory con- 
tents. Only the RESET pin can restart a halted processor. 


5.3.10 Address Error 


Address error exceptions occur when the processor attempts to access a word or a long word 
operand or an instruction at an odd address. The effect is much like an internally generated bus 
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error, SO that the bus cycle is aborted and the processor ceases whatever processing it is currently 
doing and begins exception processing. After the exception processing commences, the sequence 
is the same as that for bus error including the information that is stacked, except that the vector 
number refers to the address error vector instead. Likewise, If an address error occurs during the ex- 
ception processing for a bus error, address error, or reset, the processor is halted. As shown in 
Figure 5-9, an address error will execute a short bus cycle followed by exception processing. 


SO S1 S2 $3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO Si S2: So. 54:55 





Address Error Approx. 8 Clocks 
i Read veo ide We Stack———> 


Figure 5-9. Address Error Timing Diagram 
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SECTION 6 
INTERFACE WITH EF6800 PERIPHERALS 


THOMSON SEMICONDUCTEURS’ extensive line of EF6800 peripherals are directly compatible 
with the TS68000. Some of these devices that are particularly useful are : 

EF6821 Peripheral Interface Adapter 

EF6840 Programmable Timer Module 

EF9345, EF9367 CRT Controllers 

EF6850 Asynchronous Communications Interface Adapter 

EF6852 Synchronous Serial Data Adapter 

EF6854 Advanced Data Link Controller 
To interface the synchronous EF6800 peripherals with the asynchronous TS68000, the processor 
modifies its bus cycle to meet the EF 6800 cycle requirements whenever an EF6800 device address 
is detected. This is possible since both processors use memory mapped |/O. Figure 6-1 is a flowchart 
of the interface operation between the processor and EF6800 devices. 


PROCESSOR SLAVE 


Initiate the Cycle 


1) The Processor Starts a Normal Read or 
Write Cycle Define 6800 Cycle 

1) External Hardware Asserts Valid Peripheral 
Synchronize with Enable Address (VPA) 


1) The Processor Monitors Enable (E) Until it is 
Low (Phase 1) 

2) The Processor Asserts Valid Memory 

Address (VMA) 











Transfer the Data 


1) The Peripheral Waits Until E is Active 


Terminate the Cycle and then Transfers the Data 


1) The Processor Waits Until E Goes Low 

(On a Read Cycle the Data is Latched 

as E Goes Low Internally) 
2) The Processor Negates VMA oat 
3) The Processor Negates AS, UDS, and LDS 










Start Next Cycle 


Figure 6-1. EF6800 Interfacing Flowchart 
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6.1 DATA TRANSFER OPERATION 


Three signals on the processor provide the EF6800 interface. They are : enable (E), valid memory 
address (VMA), and valid peripheral address (VPA). Enable corresponds to the E or phase 2 signal 
in existing 6800 systems. The bus frequency in one tenth of the incoming TS68000 clock fre-. 
quency. The timing of E allows 1 megahertz peripherals to be used with 8 megahertz TS68000s. 
Enable has a 60/40 duty cycle ; that is, it is low for six input clocks and high for four input clocks. 
This duty cycle allows the processor to do successive VPA accesses on successive E pulses. 





EF6800 cycle timing is given in Figures 6-2, 6-3, 8-7,and 8-8. At state zero (SO) in the cycle, the ad- 
dress bus is in the high-impedence state. A function code Is asserted on the function code output 
lines. One-half clock later, in state 1, the address bus is released from the higl.-impedence state. 


Figure 6-2. TS68000 to EF6800 Peripheral Timing — Best Case 


SOS2S4wwwwwwWwwwww i ww w w S6 SO 
CLK 


DTACK 


Data Out —_{ }- 


Figure 6-3. TS68000 to EF6800 Peripheral Timing — Worst Case 
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During state 2, the address strobe (AS) is asserted to indicate that there is a valid address on the ad- 
dress bus. If the bus cycle is a read cycle, the upper and/or lower data Strobes are alSo asserted in 
state 2. If the bus cycle is a write cycle, the read/write (R/W) signal is switched to low (write) dur- 
ing state 2. One-half clock later, in state 3, the write data is placed on the data bus, and in state 4 
the data strobes are issued to indicate valid data on the data bus. The processor now inserts wait 
states until it recognizes the assertion of VPA. 


The VPA input signals the processor that the address on the bus is the address of an EF 6800 device 
(or an area reserved for EF6800 devices) and that the bus should conform to the phase 2 transfer 
characteristics of the EF6800 bus. Valid peripheral address is derived by decoding the address bus, 
conditioned by the address strobe. Chip select for the EF6800 peripherals should be derived by 
decoding the address bus conditioned by VMA. 





After recognition of VPA, the processor assures that the enable (E) is low, by waiting if necessary, 
and subsequently asserts VMA. Valid memory address !s then used as part of the chip select equa- 
tion of the peripheral. This ensures that the EF 6800 peripherals are selected and deselected at the 
correct time. The peripheral now runs its cycle during the high portion of the E signal. Figures 6-2 
and 6-3 depict the best and worst case EF6800 cycle timing. This cycle length is dependent strictly 
upon when VPA is asserted in relationship to the E clock. 





if we assume that external circuitry asserts VPA as soon as possible after the assertion of AS, then 
VPA will be recognized as being asserted on the falling edge of S4_ In this case, no ‘extra’ wait 
cycles will be inserted prior to the recognition of VPA asserted and only the wait cycles inserted to 
synchronize with the E clock will determine the total length of the cycle. In any case, the synchroni- 
zation delay will be some integral number of clock cycles within the following two extremes: 
1. Best Case — VPA is recognized as being asserted on the falling edge three clock cycles before 
E rises (or three clock cycles after E falls). 
2. Worst Case — VPA is recognized as being asserted on the falling edge two clock cycles before 
E rises (or four clock cycles after E falls). 


During a read cycle, the processor latches the peripheral data in state 6. For all cycies, the processor 
negates the address and data strobes one-half clock cycle later in state 7 and the enable signal goes 
low at this time. Another half clock later, the address bus is put in the high-impedence state. During 
a write cycle, the data bus is put in the high-impedence state and the read/write signal is switched 
high. The peripheral logic must remove VPA within one clock after the address strobe 1s negated 


DTACK should not be asserted while VPA is asserted. Notice that the TS68000 VMA is active low, 
contrasted with the active high EF6800 VMA. This allows the processor to put its buses in the high- 
impedence state on DMA requests without inadvertently selecting the peripherals. 





6.2 INTERRUPT INTERFACE OPERATION 


During an interrupt acknowledge cycle while the processor is fetching the vector, the VPA is 


asserted, the TS68000 will assert VMA and corzicte anormal EF6800 read cycle as shown in Figure 
6-4. The processor will then use an internally generated vector that !s a function of the interrupt be- 
ing serviced. This process is known as autovectoring. The seven autovectors are vector numbers 25 


through 31 (decimal). 
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Autovectoring operates in the same fashion (but is not restricted to) the EF6800 interrupt sequen- 
ce The basic difference is that there are six normalinterrupt vectors and one NMI type vector. As 
with both the EF6800 and the TS68000’s normal vectored interrupt, the interrupt service routine 
can be located anywhere in the address space. This is due to the fact that while the vector numbers 
are fixed, the contents of the vector table entries are assigned by the user. 


Since VMA is asserted during autovectoring, care should be taken to insure that the 6800 peripheral 
address decoding prevents unintended accesses. 


SO S2 S4 $6 SO S2 S4 ww www iw ww w w SB6 SO S2 
CLK 


a a 


A4-A23 


ol 








[qo pp fg Autovector Operation —_—___—_—_> 
Cycle 


* Although UDS and LDS are asserted, no data ts read from the bus during the autovector cycle The vector number is generated 
internally. 


Figure 6-4. Autovector Operation Timing Diagram 
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SECTION 7 
INSTRUCTION SET AND EXECUTION TIMES 


7.1 INSTRUCTION SET 


The following. paragraphs provide information about the addressing categories and instruction set 
of the TS68000. 


7.1.1 Addressing Categories 


Effective address modes may be categorized by the ways in which they may be used. The following 
classifications will be used in the instruction definitions. 


Data lf an effective address mode may be used to refer to data operands, it is considered a 
data addressing effective address mode. 
Memory If an effective address mode may be used to refer to memory operands, it is con- 


sidered a memory addressing effective address mode. 


Alterable —_|f an effective address mode may be used to refer to alterable (writeable) operands, 
it is considered an alterable addressing effective address mode. 
Control If an effective address mode may be used to refer to memory operands without an 
associated size, it is considered a control addressing effective address mode. 
These categories may be combined, so that additional, more restrictive, classifications may be 
defined. For example, the instruction descriptions use such classifications as alterable memory or 
data alterable. The former refers to those addressing modes which are both alterable and memory 
addresses, and the latter refers to addressing modes which are both data and alterable. 


Table 7-1 shows the various categories to which each of the effective address modes belong. Table 
7-2 is the instruction set Summary. 


Table 7-1. Effective Addressing Mode Categories 









Addressing Categories 


= Register 3 


Register Number 
i Register Number 
010 Register Number 


011 Register Number 

Register Number 

101 Register Number 

d(An, ix) 110 ei Number 
xxx, W 111 
XXX. 111 


d(PC) 111 x 
da(PC, ix) 11 ea 
#XXX 111 


x | 
x I 








KK KK 
<] KK XK 


aap 

pope 
seeder 
eee 


x XK 
«x 
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Table 7-2. Instruction Set (Sheet 1 of 2) 







Condition 





O 
° 
a 
® 
va) 









IN| 
< 
| 


~~ 


Add Binary Destination) + (Source) —* Destination 
ADDA Add Address Destination) + (Source) —* Destination 


ABCD Add Decimal with Extend Destination) 1g + (Source) 19 + X —* Destination 


ADDI Add Immediate Destination) + Immediate Data —> Destination 


ADDQ Add Quick Destination) + Immediate Data —* Destination 
ADDX Add Extended Destination) + (Source) + X ~* Destination 


BEESIER 
ERE Rime 


[AND —_—s{AND Logical Destination) A (Source) — Destination 


AND i 

AND Immediate Destination) A Immediate Data-~ Destination 
ANDI to CCR JAND Immediate to Condition Codes (Source) A CCR—*CCR 

ASL, ASR 

BCC 


_ 


ANDI to SR AND Immediate to Status Register Source) A SR-*SR 
IASL, ASR Arithmetic Shift Destination) Shifted by <count> —* Destination 


Bcc ss Branch Conditionally f cc then PC-+d—*PC 
~(<bit number>) OF Destination —*Z 


BCHG Test a Bit and Change ~(<bit number>) OF Destination — 


—_—] — 





<bit number> OF Destination 


~(<bit number>) OF Destination — Z 
ects Test a Bit and Clear O— <bit number> — OF Destination 


BRA Branch Always PC+d->PC 


. ~(<bit number>) OF Destination — Z 
ak Testa Bit and Set 1— <bit number> OF Destination 


BSR [Branch to Subroutine PC = (SP), PC +d == PC 

~(<bit number>) OF Destination Z 
C ICheck Register Against Bounds iif Dn <0 or Dn > (<ea>) then TRAP 
C 
C 





FER tee eee cE Eweee 


BEEBE 


_— 









~~ 


Destination) -- (Source) 


|cMP [Compare (Destination) ~ (Source) 


SR 
HK 
LR 
MP 
CMPA Compare Address 
Destination) — Immediate Data 
T 
R 
A 
L, LSR 






[CLR ——«s[ Clear and Operand — Destination 





REE oie eee 


Destination) ® (Source) — Destination 


mm 


Exclusive OR Logical 
EORI Exclusive OR Immediate Destination) ® immediate Data — Destination 


_ 


DIVU Unsigned Divide Destination) /(Source) — Destination 


feoRriecer: yoeCSe Or Immediate (Source) ® CCR—CCR 
to Condition Codes 

EORitosR | Exclusive OR Immediate (Source) @ SR— SR 
to Status Register 


Axe Ay 

(Destination) Sign-Extended — Destination: 
Destination = PC 

DSR [Jump to Subroutine ___—_—=~S~S~—«*diPC= ~ (SP, Destination = PC 

cE [Load Effective Address ——~SCSC=idt ea An 

An-* —(SP); SP—*An; SP + Displacement SP 
LSL, LSR_ [Logical Shift. i (Deestination) Shifted by <count> —* Destination 
MOVE [Move Data from Source to Destination |(Source) — Destination 

(Source! —= CCR 

MOVE to SR_[Move to the Status Regwter_—[[Sourcel = SR 


DBCC Test Condition, Decrement and Branch |If ~cc then Dn- 1-*Dn; if On#—1 then PC+d-*PC 
DIVS Signed Divide Destination) / (Source) —* Destination 





mm 


Gu 


— 





A logical AND * affected 
V logical OR — unaffected 
® logical exclusive OR 0 cleared 
~ logical complement 1 set 
U undefined 
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Table 7-2. Instruction Set (Sheet 2 of 2) 


[MOVEA —_— [Move Address (Source) — Destination 

Registers — Destination 
(Source) —* Registers 

[MOVEP [Move Peripheral Data 

Move Quick Immediate Data — Destination 

[MULS ———__—|Signed Multiply 

[MULU «| Unsigned Multiply 

INBCD ——_—_—| Negatte Decimal with Extend 

NEG ___[Negate 

Negate with Extend 


No Operation 







x 
2 
N 
< 
a 























Move Multiple Registers 
















(Destination) X(Source} — Destination 


(Destination) X(Source) — Destination jee | Os) 


0 — (Destination) 19 ~ X —* Destination 









| 
Ic 
zi 
| 
| 


0 — (Destination) —* Destination 


0 - (Destination) — X — Destination 





Logical Complement 


[OR «| Inclusive OR Logical 
OR! inclusive OR Immediate 


~ (Destination) —* Destination =] 
(Destination) v (Source) — Destination SS 
(Destination) v Immediate Data Destination 


OR! to CCR inclusive ‘OH simamediate (Source) v CCR—*CCR 


eC 
(Source) v SR-*SR 
=| 
Ee 
BS 


to Condition Codes 


Inclusive OR Immediate 
ORI to SR to Status Register 
Push Effective Address 


RESET Reset External Device 
ROL, ROR Rotate (Without Extend) 


ea > = + 15F) 





(Destination) Rotated by <count> — Destination 


NOP 
NOT 
PEA 
Rotate with Extend (Destination) Rotated by <count> -* Destination ane ee hl 
RTE ——s[ Return from Exception (SP) + —> SR; (SP) + —* PC eile rd ees 
[ATR____|Retuir-and Restore Condition Goaes [ISP —=cC,SPi+—=PCSCSCS~S 
IRTS —————s[ Return from Subroutine (SPias—" RC [—|—|-]-|-] 


(Destination) 19 — (Source) 1g — X —* Destination BOR 

Set According to Condition if cc then 1’s—* Destination else 0’s — Destination | — | 

STOP Load Status Register and Stop Immediate Data~* SR; STOP | * | 

Subtract Binary (Destination) — (Source) —* Destination 

ubtract Address (Destination) — (Source) —* Destination || 
ia 


SUBI ubtract Immediate (Destination) — |mmediate Data — Destination 


SUBQ Subtract Quick 


SUBX | Subtract with Extend (Destination) — (Source) ~ X —* Destination 


SWAP Swap Register Halves Register [31:16} +* Register [15:0] 
TAS si Test and Set an Operand (Destination) Tested-—* CC; 1-*{7] OF Destination 


* | 
fe 
| 
i 
TRAP [Trap PC— —(SSP): SR— —(SSP), (Vector) —* PC -{-{-} -|=| 
es rer es 
=| 
= 


ep) 


(Destination) — Immediate Data — Destination 





TRAPV Trap on Overflow If V then TRAP 
TST sf Test and Operand (Destination) Tested —* CC 






FUNLK = [Unilin An— SP, (SP)+ —*An 
{ |= bit number * affected 
A logical AND — unaffected 
V logical OR 0 cleared 
® logical exclusive OR 1 set 
~ logical complement U undefined 


3-63 


7.1.2 Instruction Prefetch 


The TS68000 uses a two-word tightly-coupled instruction prefetch mechanism to enhance perfor- 
mance. This mechanism is described in terms of the microcode operations involved. !f the execu- 
tion of an instruction is defined to begin when the microroutine for that instruction is entered, some 
features of the prefetch mechanism can be described. 

1. When execution of an instruction begins, the operation word and the word following have 
already been fetched. The operation word is in the instruction decoder. 

2. In the case of multi-word instructions, as each additional word of the instruction is used 
internally, a fetch is made to the instruction stream to replace it. 

3. The last fetch for an instruction from the instruction stream is made when the operation word 
is discarded and decoding is started on the next instruction. 

4. If the instruction is a single-word instruction causing a branch, the second word is not used. 
But because this word is fetched by the preceding instruction, it is impossible to avoid this 
superfluous fetch. 

5. In the case of an interrupt or trace exception, both words are not used. 

6. The program counter usually points to the last word fetched from the instruction stream. 


7.2 INSTRUCTION EXECUTION TIMES 


The following paragraphs contain listings of the instruction executiOn times in terms of external 
clock (CLK) periods. In this timing data, it is assumed that both memory read and write cycle times 
are four clock periods. Any wait states caused by a longer memory cycle must be added to the total 
instruction time. The number of bus read and write cycles for each instruction is also included with 
the timing data. This timing data is enclosed in parenthesis following the execution periods and |s 
shown as (r/w) where r is the number of read cycles and w is the number of write cycles. 


NOTE 


The number of periods includes instruction fetch and all applicable operand fetches and 
stores. 


7.2.1 Effective Address Operand Calculation Timing 


Table 7-3 lists the number of clock periods required to compute an instruction’s effective address. It 
includes fetching of any extension words, the address computation, and fetching of the memory 
operand. The number of bus read and write cycles is shown in parenthesis as (r/w). Note there are 
no write cycles involved in processing the effective address. 


7.2.2 Move Instruction Execution Times 


Tables 7-4 and 7-5 indicate the number of clock periods for the move instruction. This data includes 
instruction fetch, operand reads, and operand writes. The number of bus read and write cycles is 
shown in parenthesis as (r/w). 
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Table 7-3. Effective Address Calculation Times 


Byte, Word Long 
Data Register Direct ( 


Dn 0(0/0) 0(0/0) 
An Address Register Direct 0(0/0) 0(0/0) 








Addressing Mode 
Register 














Memory 

(An) Address Register Indirect 4(1/0) 8(2/0) 
(An) + Address Register Indirect with Postincrement 4(1/0) 8(2/0) 
(An) Address Register Indirect with Predecrement 6(1/0) 10(2/0) 
d(An) Address Register Indirect with Displacement 8(2/0) 12(3/0) 
diAn, ix)* Address Register Indirect with Index 10(2/0) 14(3/0) 
xxx W Absolute Short 8(2/0) 12(3/0) 
xxx L Absolute Long 12(3/0) 16(4/0) 
diPC) Program Counter with Displacement 8(2/0) 12(3/0) 
d(PC, ix)* Program Counter with Index 10(2/0) 14(3/0) 
RXXxx Immediate 4(1/0) 8(2/0) 









* The size of the index register (ix) does not affect execution time. 


Table 7-4. Move Byte and Word Instruction Execution Times 


Destination 
ee a ae ee Oe 

On 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(2/1) 16(3/1) 
An 4(1/0) 4(1/0) 811/1) 8111/1) 8111/1) 12(2/1) 14(2/1) 12(2/1) 16(3/1) 
8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 2014/1) 

8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/ 1) 18(3/1) 16(3/1) 20(4/ 1) 

10(2/0) 10(2/0) 14(2/1) 14(2/1) 14(2/1) 18(3/1) 20(3/ 1) 18(3/1) 22(4/ 1) 

12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 2014/1) 22(4/1) 20(4/1) 24(5/ 1) 

diAn, ix) * 14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/1) 24(4/1) 22(4/1) 26(5/ 1) 
xxx W 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/ 1) 
xxx L 16(4/0) 16(4/0) 2014/1) 20(4/1) 2014/1) 24(5/1) 26(5/ 1) 24(5/1) 28(6/ 1) 
diPC) 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/ 1) 22(4/1) 20(4/1) 24(5/ 1) 
di(PC, ix)* 14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/ 1) 2414/1) 22(4/1) 26(5/ 1) 
Buxx 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 2014/1) 





*The size of the index register (ix) does not affect execution time. 


Table 7-5. Move Long Instruction Execution Times 


[on [ An | (An) [tani] —(An) | atAnl [a(n mO*] sow [wok 
4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/ 2) 
4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/ 2) 
12(3/0) 12(3/0) 2013/2) 20(3/2) 20(3/ 2) 24(4/2) 26(4/2) 2414/2) 28(5/ 2) 


12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 2414/2) 28(5/ 2) 
14(3/0) 14/3/0) 22(3/2) 22(3/2) 22(3/2) 2614/2) 2814/2) 26(4/2) 30(5/ 2) 


16(4/0) 1614/0) 24(4/2) 2414/2) 24(4/2) 28(5/ 2) 30(5/2) 28(5/ 2) 32(6/ 2) 
di An, ix)* 18(4/0) 18(4/0) 2614/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2) 
xxx W 16(4/0) 16(4/0) 2414/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/ 2) 32(6/ 2) 
xx L 20(5/0) 20(5/0) 28(5/ 2) 28(5/2) 28(5/ 2) 32(6/2) 3A(6/ 2) 32(6/2) 36(7/2) 
diPC) 16(4/0) 16(4/0) 2414/2) 24(4/2) 2414/2) 2B(5/2) 30(5/2) 28(5/2) 32(5/2) 
dIPC, ix)* 18(4/0) 18(4/0) 2614/2) 2614/2) 2614/2) 30(5/ 2) 32(5/2) 30(5/2) 34(6/2) 
#Xxx 12(3/0) 12(3/0) 20(3/ 2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 





“The size of the index register (ix) does not atfect execution time 
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7.2.3 Standard Instruction Execution Times 


The number of clock periods shown in Table 7-6 indicates the time required to perform the opera- 
tions, store the results, and read the next instruction. The number of bus read and write cycles is 
shown in parenthesis as (r/w). The number of clock periods and the number of read and write 
cycles must be added respectively to those of the effective address calculation where indicated. 


In Table 7-6 the headings have the following meanings: An= address register operand, Dn= data 


register operand, ea= an operand specified by an effective address, and M= memory effective ad- 
Gress operand. 


Table 7-6. Standard Instruction Execution Times 


[iretructon | Ste [epee Ant _] 







op<ea>, Dn 
















KG 8(1/0) + 4(1/0) + 8(1/1) + 
Long 6(1/0) + ** 6(1/0) + * * 12(1/2) + 
cab Byte, Word | = — | 4(1/0) + 8(1/1) + 
[tong | OI 
ae a1/0s aoe | - 
@(/0+ CU 
DIVS ee eee ee ee 


DIV ee a eee Gee ee ee 
4(1/0)* * * 8(1/1) + 


Long | 8(1/0)*-** 12(1/2) + 


MULU ae ee ee 7O1/O)+* | 
SUB 











I 
8(1/0) + 4(1/0) + 
Bors 


8(1/1) + 


6(1/0) + * * 12(1/2) + 





NOTES: 
+ add effective address calculation time 
t word or long only 
indicates maximum value 
** The base time of six clock periods is increased to eight if the effective address mode is 
register direct or immediate (effective address time should also be added}. 
*** Only available effective address mode is data register direct. 
DIVS, DIVU — The divide algorithm used by the TS68000 provides less than 10 % difference 
between the best and worst case timings. 
MULS, MULU — The multiply algorithm requires 38+ 2n clocks where n is defined as: 
MULU: n=the number of ones in the <ea> 
MULU: n=concatanate the <ea> with a zero as the LSB; nis the resultant number of 
10 or 01 patterns in the 17-bit Source; i.¢., worst case happens when the 
source is $5655. 


7.2.4 Immediate Instruction Execution Times 


The number of clock periods shown in Table 7-7 includes the time to fetch immediate operands, 
perform the operations, store the results, and read the next operation. The number of bus read and 
write cycles is shown in parenthesis as (r/w). The number of clock periods and the number of read 
and write cycles must be added respectively to those of the effective address calculation where in- 
dicated. 


In Table 7-7, the headings have the following meanings: #= immediate operand, Dn = data register 
operand, An= address register operand, M= memory operand, and SR = status register. 
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Table 7-7. Immediate Instruction Execution Times 


ELE 
we W : 

re a1270 a2 
[tong [ear = 


* iy) + 
pee Byte, Word 4(1/0) (1/0) 
(ong BI1/0) a0) 
























aia) _[_- [a2 


14(3/0) anes 12(3.0) + 
ew a ame) 
EORI Byte ord 8(2/0 
Long 16(3/0) 2013/2) + 










Byte, Ward 8(2/0) 
Long 16(3/0) 
SUBI yte or 8(2/0) 2(2 
161370 
he o | 800 q 


+ add effective address calculation time 
*word only 







7.2.5 Single Operand Instruction Execution Times 


Table 7-8 indicates the number of clock periods for the single operand instructions. The number of 
bus read and write cycles is shown in parenthesis as (r/w). The number of clock periods and the 
number of read and write cycles must be added respectively to those of the effective address 
calculation where indicated. 


Table 7-8. Single Operand Instruction Execution Times 


Long 6(1/0) 12(1/2) + 


Byte 6(1/0) 811.1) + 
Byte, Word 4(1/0) 8(1/1)+ 













; 


Byte, Word 4 


— 


: 


Long (1/0) 12(1/2) + 






6(1/0) 12(1/2) + 
4(1/0) | Bi1/1) + 






av70 auv70r4 
470 a70T4 





+ add effective address calculation time 
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7.2.6 Shift/Rotate Instruction Execution Times 


Table 7-9 indicates the number of clock periods for the shift and rotate instructions. The number of 
bus read and write cycles is shown in parenthesis as (r/w). The number of clock periods and the 
number of read and write cycles must be added respectively to those of the effective address 
calculation where indicated. 


Table 7-9. Shift/Rotate Instruction Execution Times 


| _Instruction [Size | Register | Memory 
: 
ASR, ASL 6 + 2n(1/0) 8(1/1) + 
B+ ano | 
te, + 2n(1/0 8(1/1) + 
LSR, LSL 6 + 2ni1/0) ) 
Bron | 
| + anit 
ROR, ROL 6 + 2n(1/0) 8(1/1) + 
SOL eee 
a a7) 
ROXR, ROXL 6 + 2mi/0) 8 
















Long 8 + 2n(1/0) 





+ add effective address calculation time 
nis the shift or rotate count 


7.2.7 Bit Manipulation Instruction Execution Times 


Table 7-10 indicates the number of clock periods required for the bit manipulation instructions. The 
number of bus read and write cycles is shown in parenthesis as (r/w). The number of clock periods 


and the number of read and write cycles must be added respectively to those of the effective ad- 
dress calculation where indicated. 


Table 7-10. Bit Manipulation Instruction Execution Times 


Dynamic 
one 










ae g/t) 1212/1) 
: ae 
BCLR 
| Byte | aan 12(2/1) 4+ 
BSET 
sco an 
a [eye [| aos 820+ 
070 oe 


+ add effective address calculation time 
* indicates maximum value 


7.2.8 Conditional Instruction Execution Times 


Table 7-11. indicates the number of clock periods required for the conditional instructions. The 
number of bus read and write cycles is indicated in parenthesis as (r/w). The number of clock 
periods and the number of read and write cycles must be added respectively to those of the effec- 
tive address calculation where indicated. 
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Table 7-11. Conditional Instruction Execution Times 


= = ee 
Taken Not Taken 

ave | toro. 

Lc 2 

fee ef 

[Wore tad 

DBec PCC te 1212/0) 


+ add effective address calculation time 
* indicates maximum value 











7.2.9 JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times 


Table 7-*2 indicates the number of clock periods required for the jump, jump-to-subroutine, load ef- 
fective address, push effective address, and move multiple registers instructions. The number of 
bus read and write cycles is shown in parenthesis as (r/w). 


Table 7-12. JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times 


[Sie [an [=TAa | atAni [a(n os] vo W [oe] APCY AIP 
rime eo dC ~P(torr | vataron | rowan] 12a] torror | _taig/07 | 
a 2 
plea tT to 820) 1212/0) | 
a 7 


[Pea 
Word 12+4n 12+4n 16+4n | 18+4n 16+4n | 18+4n 
MOVEM (3+ n/0Q) (4+n/0) | (4+n/0) | (4+n/0)} (5+n/0) | (4+n/0) | (4+n/0) 
M-—*R Long 12+ 8n 12+8n 16+8n 18 + 8n 16 +8n 20 + 8n 16+8n 18 + 8n 
(3+2n/0) | (3+ 2n/0) (4+ 2n/0) [(4+2n/0) | (4+ 2n/0) | (6+ 2n/0) | (4+ 2n/0) | (4+ 2n/0) 
Word 8+4n 8+4n 12+4n 14+ 4n 12+4n 16+ 4n 
MOVEM (2/n) (2/n) (3/n) (3/n) (3/n) (4/n) 
R—M ed 8+8n 8+8n 12+8n 14+8n 12+8n 16+ 8n 
a Br 
nis the number eel registers to move 
*is the size of the index register (ix) does not affect the instruction’s execution time 










7.2.10 Multi-Precision Instruction Execution Times 


Table 7-13 indicates the number of clock periods for the multi-precision instructions. The number of 
clock periods includes the time to fetch both operands, perform the operations, store the results, 
and read the next instructions. The number of read and write cycles is shown in parenthesis as 
(r/w). 


In Table 7-13, the headings have the following meanings: Dn=data register operand and 
M=memory operand. 
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Table 7-13. Multi-Precision Instruction Execution Times 


[“estructon [Se [op On On | op MM 
| Byte, Word 
ae 











cum LBwe Word | id? ta 
[tog [OO 





Ww 

ee 7 cE 
81 

56D 


7.2.11 Miscellaneous Instruction Execution Times 


Tables 7-14 and 7-15 indicate the number of clock periods for the following miscellaneous instruc- 
tions. The number of bus read and write cycles is shown in parenthesis as (rw). The number of 
clock periods plus the number of read and write cycles must be added to those of the effective ad- 
dress calculation where indicated. 


Table 7-14. Miscellaneous Instruction Execution Times 





Tanoitocee | eve | aco | 
ANDIto SR | Worf a0) 
a GS 
feonrtocen | aye] aig, 
feorrtosn ‘| word | aa | 
foritosR «word | a) 
[MOVE fomsa Ter 
MOVE te coR J | ao 


exe 

ee 
[tong [avon 

OMe ee eee 

MOVE fenUsP_[ =| anor 

[Move ouse [| aro 

NOP aro 

RESET eo 


Jie 
12:2 Oi + 









ee ee 
fswar a 
frapy id a 
T | sor] 


+ add effective address calculation time 


Table 7-15. Move Peripheral Instruction Execution Times 


| Size | Register —* Memory Memory —~ Register 
wees 16(2/2) 16(4/0) 
24(2/4) 24(6/0) 
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7.2.12 Exception Processing Execution Times 


Table 7-16 indicates the number of clock periods for exception processing. The number of clock 
periods includes the time for all stacking, the vector fetch, and the fetch of the first two instruction 
words of the handler routine. The number of bus read and write cycles is shown in parenthesis as 
(r/w). 


Table 7-16. Exception Processing Execution Times 


Address Error 50(4/7) 
Bus Error 50(4/7) 
34(4/ 
{ 







pene 


+ add effective address calculation time 
* The interrupt acknowledge cycle is assumed 
to take four clock periods. 
** Indicates the time from when RESET and 
HALT are first sampled as negated to when 
instruction execution Starts. 
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SECTION 8 
ELECTRICAL SPECIFICATIONS 


This section contains electrical specifications and associated timing information for the TS68000 


8.1 MAXIMUM RATINGS 


[ating SS *dSymbol [vetue on] 
Supply Voltage -03to +70 
Input Voltage -~0.3 to +70 


Operating Temperature Range 


TS68000C 
TS68000V 
TS68000M 


Storage Temperature 











This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields, however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
Maximum-rated voltages to this high: 
impedance circuit Reliability of operation 1s 
enhanced if unused inputs are tied to an ap- 
propriate logic voltage level (e g , ether GND 
or Vcc) 























Thermal Resistance (Still Air) 
Ceramic DIL 
Ceramic PGA 
LCCC BJA 
Plastic DIL 
PLCC 


* Estimated 


8.3 DC ELECTRICAL CHARACTERISTICS 
(VCC =5.0 Vde +5%; GND=0 Vdc; TA=TL to TH; see Figures 8-1, 8-2, and 8-3) 


Characteristic 






Input High Voltage 















Input Low Voltage 
Input Leakage Current @ 5.25 V 









BERR, BGACK, BR, OTACK, 
CLK, IPLO-iPL2, VPA 
HALT, RESET 
Three- State (Off State) Input Current @ 2.4 V/0.4V AS, A1-A23, DO-D15, 
FCO-FC2, LDS, R/W, UDS, VMA 
E* 
E, AS, A1-A23, BG, D0-D15, 
FCO-FC2, LQS, R/W, UDS, VMA 

















Output High Voltage (IO = — 400 pA) 







Output Low Voltage 







(Io, = 1.6 mA) HALT 
(ig, =3.2 mA) A1-A23, BG, FCO-FC2 






(Io, =5.0 mA) _ RESET 
(Io, =5.3 mA) E, AS, DO-015, LDS, R/W 
UDS, VMA 













Power Dissipation (See 8.4 POWER CONSIDERATIONS) 


Capacitance (Vi,n=0 V, Ta = 25°C; Frequency = 1 MHz)* * 


* With external pullup resistor of 1.1 kQ. 
* * Capacitance is periodically sampled rather than 100% tested. 
*** During normal operation instantaneous Vcc current requirements may be as high as 1.5 A 
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2.9 kQ 


9100 


130 pF T 70 pF 


Figure 8-2. HALT Test Load 





L 


Figure 8-1. RESET Test Load 


+5V 






R* =7400 
Test 1 N4 1 48 
Point or Equivalent 
o- 
CL 
1N916 
or Equivalent 


Cy = 130 pF 
(Includes all Parasitics) 


Ri =6 0 kQ for — 
AS, A1-A23, BG, D0-D15, E 
FCO-FC2, LDS, R/W, UDS, VMA 


*R = 1.22 kQ for A1-A23, BG, 
FCO-FC2 


Figure 8-3. Test Loads 
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8.4 POWER CONSIDERATIONS 


The average chip-junction temperature, Tj, in °C can be obtained from: 
TU = TA+(PD9OJA) (1) 
Where: 

TA=Ambient Temperature, °C 
6jA = Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD=PINT+PI/O 
PINT=!cc x Vcc, Watts — Chip Internal Power 
P|/OQ = Power Dissipation on Input and Output Pins — User Determined 

For most applications P|/QO<P\NT and can be neglected. 


An approximate relationship between Pp and Ty (if Pj/o is neglected) is: 


Pp=K =+(Ty+ 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K = Ppe(TA + 273°C) +0 jAePp2 (3) 


Where K is a constant pertaining to the particular part. K can be determined from equation 3 by 
measuring PD (at equilibrium) for a known TA. Using this value of K the values of PD and Ty can be 
obtained by solving equations (1) and (2) iteratively for any value of TA. 


Figure 8-4 illustrates the graphic solution to the equations, given above, for the specification power 
dissipations of 1.50 and 1.75 watts over the ambient temperature range of — 55°C to 126°C using an 
average 0JA of 40°C/watt to represent the various TS68000 packages. However, actual @JA’S in 
the range of 30°C to 50°C/watt only change the curves slightly. 


Power (Pp) — Watts 





Ambient Temperature (Ta) — °C 


Figure 8-4. TS68000 Power Dissipation (Pp) vs Ambient Temperature (TA) 
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The total thermal resistance of a package (@)A) can be separated into two components, 6JC and 
8CA, representing the barrier to heat flow from the semiconductor junction to the package (case) 
surface (@jC) and from the case to the outside ambient (@C A). These terms are related by the equa- 
tion: 

OJA=O0JC+OCA | (4) 


6jc is device related and cannot be influenced by the user. However, CA iS user dependent and 
can be minimized by such thermal management techniques as heat sinks, ambient air cooling and 
thermal convention. Thus, good thermal management on the part of the user can significantly 
reduce 6CA So that 0JA approximately equals 8jc. Substitution of Jc for @JA in equation (1) will 
result in a lower semiconductor junction temperature. | 
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8.5 AC ELECTRICAL SPECIFICATIONS — CLOCK TIMING (See Figure 8-5) 


[enemies ae [te |e | | vin | te | | Eee ee 


[Freasnev of Gowan | + | «0 | eo | «0 | wo | «o | vas | «0 | 6 [wa 
[ercetire «| tee (| em | too | mo [80 | mo | eo | w]e 


k Pulse Width tCL 56 126 45 
Rise and Fall Times Cr 10 
tcf 


















teyc 


TCL 'CH 


Cr tc 


NOTE: 
Timing measurements are referenced to and from a low voitage of 0.8 volt and high a voltage of 2.0 volts, unless otherwise noted. 


The voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 
0.8 volt and 2.0 volts. 


Figure 8-5. Clock Input Timing Diagram 
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8.6 AC ELECTRICAL SPECIFICATIONS — READ CYCLES 
(Vcc =5.0 Vde + 5%; GND=0 Vdc; Ta=T_ to Ty; see Figure 8-6) 





Characteristic ; Symbo 


NO 
oO 
© 


Clock Period CYC 
Clock Width Low cL 
Clock Width High tCH 


— 
NO 
on 





— 
No 
on 
NO 
on 
pay 
NO 
on 
—. 
ep) 


—2 
NO 
on 
— 
NO 
on 


a 
NO 
o 
RO 
oO 
—_ 
NO 
on 
| 


J 
n 


Clock Fall Time (Cf 


a) 
wn 


Clock Rise Time 
Clock Low to Address Valid 
Clock High to FC Valid 


Clock High to Address, Data Bus 
High Impedance (Maximum) 


Clock High to Address, FC Invalid (Minimum) 
Clock High to AS, DS Low 

Address Valid to AS, DS Low 

11A2| FC Valid to AS, DS Low 

121 | Clock Low to AS, DS High 

132 | AS, DS High to Address/FC Invalid 

142 | AS 


—_> | — 
oO; © 


O 
— 
DS 
” 


‘CLA 
'CHFCV 


OD 
< 


A 
5 


” 


n 


‘CHAD 
'CHAF 


N 
nm 


=} 


= 
—_ 
No 





NO Pp} Pl Oo 
cm) or}; Om] © 


me} 
n 


oO 


Tel [el 
Pat pel — Pe 
fae | — [reo] — [ae 


0 
2 


ns 


ns 


a 
te 


5 |8 | |s 
~ , ” 
rc — t— ma 


S, DS Width Low 

AS, DS Width High 

AS, DS High to R/W High 
Clock High to R/W High 


) 
SE 
>) 
no 


_) 
wn 


‘SHR 


'CHR 
Data In to Clock Low (Setup Time) ‘DIC 


S, DS High to DTACK High tSHDAH 


= 


- 
=) 
on 


p>) 
n 


SI ~~ ~~ ~ =_ > 
on a oO] On o1 ol 
on OT o oi © © oO o1 


> 
RO 
Be 
on 
— 
— 
Oo 
= 

i?) 


G 


=) 


S, DS High to Data In Invalid (Hold Time) ‘SHDII 
AS, DS High to BERR High 


n 


wmirpp MEW] oles 
“Ss 
BEBREEE 
3 


a 

— 

> 

is a 
=> | NM] Rh —— >} at HR] w ee) O17; C1] N 
oO}; oOo] © on oO; o}] © © ory, or; oO 


‘SHBEH 
3125 | DTACK Low to Data In (Setup Time) (DALD 


32 | HALT and RESET Input Transition Time 
47° | Asynchronous Input Setup Time 
483 | BERR Low to DTACK Low 


564 | HALT/ RESET Pulse Width 





” 








'RHr, f 
‘ASI 
'BELDAL 


D> 
wn 





= D> a =) = =) >) 
wn ”n wn wn wm n 


RO RO a 


=) 


RO 

© 

RO 

© Ww 
pe | 

nm 





© 
nx 
0 
co) 
@ 


— 
cm) 


= 
= 
O 
= 





N 

1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in the maximum columns. 
2. Actual value depends on clock period. 
3 
4 





._ If 47 is satisfied for both DTACK and BERR, 48 may be 0 nanosecond. 
. For power up, the MPU must be held in RESET state for 100 milliseconds to allow stabilization of on-chip circuitry. After the system 
is powered up, 56 refers to the minimum pulse width required to reset the system. 
5. If the asynchronous setup time (47) requirements are satisfied, the DIACK low-to-data setup time (31) requirement can be ignored. 
The data must only satisfy the data-in to clock-low setup time (27) for the following cycle. 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the tim- 
Ing specifications. They are not intended as a functional description of the input and output signals. 
Refer to other functional descriptions and their related diagrams for device operation. 


soos} S2—té‘cSBttétCSA hOB | 


(©) 





R/W 
(47) 28) 
48) 
Data In 
| 0) 
BERR/BR 


(Note 2) 


@?) @7) 
@—» | 4-2 
66) f 
WALT /RESET ae 
47) 
Asynchronous 
Inputs 
(Note 1) 


NOTES: 
1. Setup me for the synchronous inputs BGACK, IPLO-2, and VPA guarantees their recogrition at the next falling edge of the clock 
2. BR need fall at this time only in order to insure being recognized at the end of this bus cycle. 
3. Timing measurements are referenced to and from a iow voltage of 0 8 volt and a high voltage 2.0 volts, unless otherwise noted The 
voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 0 8 
volt and 2.0 volis. 


Figure 8-6. Read Cycle Timing Diagram 
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8.6 AC ELECTRICAL SPECIFICATIONS — WRITE CYCLES 
(Vcc =5.0 Vde + 5%; GND=0 Vdc; Ta=T, to TH; see Figure 8-7) 


| 8 MHz | 10MHz | 12.5 MHz | 16 MHz | 
Characteristic Symbol | Min | Max | Min | Max | Min | Max | Min | Max | Unit 
ns 


[1 [Cox rerod SS ege_| 128 | 250 | 100 | 250] 00. | 260 | 00 | 250. 

Tz [eo Wisthtow Cid ge 8 [res | a6 [cs | a5 [ os] spe | 
3 [erock Width High Sd ce 88 | 08 [a5 | 8 | a5 | 126 | 25 [25 [ns 
[a [occ rating SSS—~s ec} - | of - off sf - fs] 
TS [Goa Rise Time ——S—S—~—~—i gy P= P= of -  -] sl 
TT a 
| 6A | Clock High to FC Valid htcuecy | - | 70] - | 6o| - | 55] — | ns 


Clock High to Address, Data Bus ne 
High mpcienee (Maximum) tCHADZ 70 65 
ee or area er era 
rir? [adcress Vaid to AStow Ss avg, |p - | op - of -]s]-] ns 
Tia revels AStow ———SS~S~Sw cys | 0] = | go | op - | 0] - | ne 
[12k ['ciock tow wo AS, OSHgh SSCs ag | - | OT - | HY - | | - |B] os 
Ta? [ AS, OS High to AddressiFC ivald [guar | | - | 0) - | 0) - | 0) - |r 
rat [aStow SCS™*~S gy, em — | 096] — | eT — | 20] — | oe 
Tient[ 0S withtow —SS~S~S gs is | = | we — | wf | Ol | re 
is? PAS, OS wie igh Sigs tw | toe | | we — | cof | re 
Clock High to RW High Monn | 0 | 7] 0] 60) 0] oo] 0 | 6| ne 
Clk High to AN Low cum | - | 70 - | oo] - | of - | o6| ns 
[RoA8[ AS, Low to RW Vaid ———S~d agy | = | - | 20 - | 20] — | 20] ne 
[21 [adcress Vaid to Wow Sid we | OP - PO [-[o]-]o[-| os 
fara | FC valde RWtow ————SSS~d ny | OE - | | — | op - | | | ns 
[22 [RW Low wo Stow Ssh | | | | | | 2] | oe 
[23 [Clock Low to Date Ourvald sd cpg | - | | - | | - | 6] — | 0] os 
[25# [ AS, DS High to Data Out mwaid guna | | - | | - | 16, - | 0] - | me 
[26 [ Data Out Vaid to OStow —————~*d woos | Of - | | | 8f- | | | ne 
[282 AS, BS High to DTACK Hh —————~dgupan] © | 26[ 0 | 190] 0 |r] 0 [0] ne 
[30 [AS, OS igh to BEAR High ———sd supe © | -) 0 | - fo] -|o]- | n 
[32 [ACT and RESET Input Trasiion Time | wiagg | 0 | 200) 0 | 200[ 0 | 200] 0 | 200] ns 
[a7 [Asyrerronous input Seup Tine | asi | 20) - | | - | 0] - | 20] - | ms 
[aa [BERR Low to DTACK Low Sse | 20) - | 0] - | 0] - | | — | me 
RS ae Co CR 
psp!) - | 201 -] o/-] ol-] 
[eet | HALT/RESET Puse Wath | wrpw | 101 - | 10 | 10] — | 10[ — [eure 


NOTES : 

. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in the maximum columns 

. Actual value depends on clock period. 

. !f 47 is satisfied for both DTACK and BERR, 48 may be 0 nanoseconds. 

. For power up, the MPU must be held in RESET state for 100 milliseconds to allow stabilization of on-chip circuitry. After the syster 
is powered up, 56 refers to the minimum pulse width required to reset the system. 


5. If the asynchronous setup time (47) requirements are satisfied, the DTACK low-to-data setup time (31) requirement can be ignorec 
The data must only satisfy the data-in to clock-low setup time (27) for the following cycle. 


6. When AS, and R/W are equally loaded (+20 %), Subtract 10 nanoseconds from the values in these columns. 






=] 
wn 





PWN 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the tim- 
Ing specifications. They are not intended as a functional description of the input and output signals. 
Refer to other functional descriptions and their related diagrams for device operation. 


of MY eS 


R/W 
- 
D one @ e- 
DTACK 66) i 
26) ; — Q 
2 ae 
PtP) 
on rit} 
BERR/BR | 
(Note 2) @) 
2) 4?) 
+2 
poe eee 66) 
HALT/RESET iaeane 
47) 
Asynchronous 
Inputs 
(Note 1) 


NOTES: 
1. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voitage of 2.0 volts, unless otherwise noted. 
The voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 
0.8 volt and 2.0 volts. 


2. Because of loading variations, R/W may be valid after AS even though both are initiated by the rising edge of S2 (Specification 
20A). 


Figure 8-7. Write Cycle Timing Diagram 
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8.7 AC ELECTRICAL SPECIFICATIONS — TS 68000 to 6800 PERIPHERAL 
(Vcc =5.0 Vde + 5%; GND=0 Vdc; Ta=T_ to Ty; refer to Figures 8-8 and 8-9) 


a Characteristic 


Clock Low to AS, DS High ere io ed 
Clock High to RIW High (CHRH 
20' | Clock High to R/W’Low (Write) ” ‘CHRL 


Clock Low to Data Out Valid (Write) "CLDO 

















NO 
Ww 





27? | Data In to Clock Low (Setup Time on Read) tCLDO 
li al 
(Hold Time on Read) ISHDII 
Clock Low to VMA Low 
Clock Low to E Transition 
42 | & Output Rise and Fall Time tEr f 
3 | VMA Low to E High 
AS, DS High to VPA High a 
5 | E Low to Control, Address Bus Invalid Leet 
(Address Hold Time) tELCAI 
Asynchronous Input Setup Time 
3 | AS, DS High to E Low ~70 +45 
EWth Hoe wo | — [oso — [aa f - [a0 [= [me 
EL 


EW Low T= [oso [= [wot = fa [— [oe | 
NOTES : 


1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in the maximum columns. 

2. If the asynchronous setup time (47) requirements are satisfied, the DTACK low-to-data setup time (31) requirement can be ignored. 
The data must only satisfy the date-in clock-low setup time (27) for the following cycle. 

3. The falling edge of S6 triggers both the negation of the strobes (AS, and x DS) and the falling edge of E. Either of these events can 
occur first, depending upon the loading on each signal. Specification 49 indicates the absolute maximum skew that will occur between 
the rising edge of the strobes and the falling edge of the E clock. 
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This timing diagram is included for those who wish to design their own circuit to generate VMA it shows the best case possibly attainable 
Figure 8-8. TS 68000 to 6800 Peripheral Timing Diagram - Best Case 
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NOTE. This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the worst case possibly attainable. 





Figure 8-9. TS68000 to 6800 Peripheral Timing Diagram — Worst Case 


8.8 AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION 
(Vcc =5.0 Vde + 5%; GND=0 Vdc; Ta=T, to TH; see Figures 810, 811, and 8-12) 


| BMH | 10 MHz | 12.5 MHz | 16 MHz 
Characteristic Symbol | Min | Max | Min | |Max | Min | Max | Min | Max. 


[| satiate raentetieciee Lowel = [el =| ef fet fata 
Tie [cick High to convo! aus Hon mnpedonce | vcuce |=] | - |] -| oof - | ss 
CHS aaa C8 TE CDS ER 
Pro = [eof = [oo 


BR, Low to BG Low iBRLGL | I. = 90nsj 1.5 |8Ons} 1.5 |70ns] 1. = = ns | Clk. = 
+3.5 +3.5 + 3.5 +39 
36' | BR High to BG High BKHGH | 1-0 |90ns| 1.5 |80ns} 1.5 |70ns] 1.5 |65ns|Cik.Per. 
+3.5 + 3.5 +3.5 eae) 
37 | BGACK Low to BG High TItGALGH | 1-9 |90ns}| 1.5 |80ns{ 1.5 |70ns} 1.5 |65ns|Cik.Per. 
+3.5 +3.5 + 3.5 + 3.5 
37A2| BGACK Low to BR High tGALBRH| 20{ 15; 207 15); 20] 15 20 } 1.5 ns 
Clocks Clocks Clocks Clocks 
BG Low to Control, Address, Data 
Bus ; i aaa Impedance (AS High) a 70 ee 
}BG Width High eee] Mees ee an | | — |cik.Per.| 


cli. (1 Somaenenainey ee Coe G8 en aes 
[P| tons Sw neg fm fF of Pao 


BGACK High to Control Bus Driven AS UDS, LOS 1.5 |Clk.Per. 
FCy, R/W, VMA| 


BR High to Control Bus Driven | 


NOTES : 

1. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK 

2. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted. 

3. ‘f the asynchronous setup time (47) requirements are satisfied, the DTACK low-to-data setup time (31) requirement can ban ignored. 
The data must only satisfy the date-in clock-low setup time (27) for the following cycle. 





























Figures 8-10, 8-11, and 8-12 depict the three bus arbitration cases that can arise. Figure 8-10 shows 
the timing where AS is negated when the processor asserts BG (Idle Bus Case). Figure 8-11 shows 
the timing where AS is asserted when the processor asserts BG (Active Bus Case). Figure 8-12 
shows the timing where more than one bus master are requesting the bus. Refer to 4.2.2 Bus 
Arbitration for a complete discussion of bus arbitration. 


The waveforms shown in Figures 8-10, 8-11, and 8-12 should only be referenced in regard to the 
edge-to-edge measurement of the timing specifications. They are not intended as a functional 
description of the input and output signals. Refer to other functional descriptions and their related 
diagrams for device operation. 
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Figure 8-10. Bus Arbitration Timing Diagram — Idle Bus Case 
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Figure 8-11. Bus Arbitration Timing Diagram — Active Bus Case 
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Figure 8-12. Bus Arbitration Timing Diagram — Multiple Bus Requests 
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SECTION 9 
ORDERING INFORMATION 


This section contains detailed information to be used as a guide when ordering the TS 68000 
9.1. STANDARD VERSIONS 


Package Type Frequency (MHz) Order Number 


Ceramic DIL OPE to + 70°C TS 68000 CC8 
C Suffix : —-40°C to + 85°C TS 68000 VC8 
—55°C to + -125°C TS 68000 MC8 

O°C to + 70°C TS 68000 CC10 

—40°C to + 85°C TS 68000 VC10 

—55°C to + 125°C TS 68000 MC10 

0°C to + 70°C TS 68000 CC12 

~40°C to + 85°C TS 68000 VC12 

— 55°C to + 125°C TS 68000 MC12 

O°C to + 70°C TS 68000 CC16 


Plastic DIL TS 68000 CP8 
P Suffix TS 68000 CP10 
TS 68000 CP12 
TS 68000 CP16 


PLCC . 70°C TS 68000 CFN8 
FN Suffix LOrC TS 68000 CFN10 
70°C TS 68000 CFN12 
TOG TS 68000 CFN16 


LCCC =b0°€ to 126°C TS 68000 ME8 
E Suffix bor to) 120°C TS 68000 ME10 
= O00C tO: 125°C TS 68000 ME 12 


Pin Grid Array ; O°C to + 70°C TS 68000 CR8 
R Suffix = 5O5C to 125°C TS 68000 MR8 
O°C to + 70°C TS 68000 CR10 
= 55°C 1G, 125°C TS 68000 MR10 
O°C to + 70°C TS 68000 CR12 
= 66° Cte. 4° 125°C TS 68000 MR12 
O°G to +. 70°C TS 68000 CR16 
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9.2. HI-REL VERSIONS 


In order to fit more closely to customer specific requirements, THOMSON SEMICONDUCTEURS is proposing different screening levels 

for its HI-REL ranges. 

G/B screening : Available only from THOMSON SEMICONDUCTEURS, this quality level, very close to the MIL-STD-883, is a 
cost effective alternative for customers who want to buy HI-REL devices (low guaranteed AQL). The G/B level is in 
full accordance with the NFC 96883 class G. . 

B/B screening : Full accordance with the MIL-STD-883 Rev.C, class B (US), the CECC 90.000, class B (European) and with the 
NFC 96883 class B (French). 


Details on screening procedures for these levels of selection are available on request (please contact our sales representatives). 


Package Type eae (MHz) Order Number 


Ceramic DIL TS 68000 MC G/B8 
C Suffix TS 68000 MC B/B8 
TS 68000 MC G/B10 
TS 68000 MC B/B10 
TS 68000 MC G/B12 
TS 68000 MC B/B12 


LCCC . —:, ~ —~55°C to TS 68000 MEG/B8 
E Suffix ~55°C to TS 68000 ME B/B8 
—~66°C to TS 68000 ME GiB10 


2507 G16 TS 68000 ME B/B10 
~55°C to TS 68000 ME G/B12 
— 55°C to TS 68000 ME B/B12 


Pin Grid Array ; 250° C10 TS 68000 MR G/B8 
R Suffix = 59° O16 TS 68000 MR B/B8 

- 55°C ‘to : TS 68000 MR G/B10 

=50°C to TS 68000 MR B/B10 

m5" C16 TS 68000 MR G/B12 

55°C. 16 TS 68000 MR B/B12 
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SECTION 10 
MECHANICAL DATA 


This section contains the pin assignments and package dimensions for the 64-pin dual-in-line, the 
68-terminal chip carrier (LCCC), the 68-pin grid array, and the 68-pin quad pack (PLCC), versions 
of the TS68000. 


10.1 PIN ASSIGNMENTS 
68-Terminal Chip Carrier (LCCC) 











Ee ; : Ss nlh Oo-nN 
64-Pin Dual-in-Line Package =A 123 3 B36 re S56 a 3 3 
; 1 
9 1 
OTACK— —D13 
BG- ~—D14 
BGACK— —D15 
BR- —GND 
Vcc" —-GND 
CLK— —A23 
GND— —A22 
GND— | —A21 
N C.— TOP VIEW 920-Vecc 
HALT — — A20 
RESET— —A19 
VMA~ —A18 
eS —A17 
VPA— —A16 
BERR— —A15 
IPLo= —Al14 
IPLI- —A13 


TOP VIEW 





TOP VIEW 
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10.2 PACKAGE DIMENSIONS 





P SUFFIX C SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 














FN SUFFIX 
PLCC 68 
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10.2 PACKAGE DIMENSIONS 
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ADVANCE INFORMATION 


The TS68008 is a member of the TS68000 family of advanced micropro- 
cessors. This device allows the design of cost effective systems using 8-bit 
data buses while providing the benefits of a 32-bit microprocessor architec- 
ture. The performance of the TS68008 is greater than any 8-bit micropro- 
cessor and superior to several 16-bit microprocessors. 


17 32-Bit Data and Address Registers 

56 Basic Instruction Types 

Extensive Exception Processing 

Memory Mapped |/O 

14 Addressing Modes 

1 Mbyte Linear Addressing Space 

Complete Code Compatibility with the TS68000. 


A system implementation based on an 8-bit data bus reduces system 
cost in comparison to 16-bit systems due to a more effective use of com- 
ponents and the fact that byte-wide memories and peripherals can be used 
much more effectively. In addition, the non-multiplexed address and data 


buses eliminate the need for external demultiplexers, thus further simpli- 


fying the system. 


PROGRAMMING MODEL 


16 15 87 


Eight 
Data 
Regsters 


Seven 
Address 
Registers 


Two Stack 
Pointers 


Program 
Counter 


tatus 
System Byte, User Byte ee 





3-95 










TS68008 


8/32-BIT MICROPROCESSOR WITH 8-BIT DATA BUS 


HMOS 


HIGH-DENSITY, N-CHANNEL, 


SILICON-GATE, DEPLETION LOAD 


8-/32-BIT MICROPROCESSOR 
WITH 8-BIT DATA BUS 


CB-229 





P SUFFIX 
PLASTIC PACKAGE 


J SUFFIX 
CERDIP PACKAGE 


C SUFFIX 
CERAMIC PACKAGE 


FN SUFFIX 
PLCC 52 


PIN ASSIGNMENT 
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SECTION 1 
INTRODUCTION 


The TS68008 is a member of the 68000 Family of advanced microprocessors. This device allows 
the design of cost effective systems using 8-bit data buses while providing the benefits of a 32-bit 
microprocessor architecture. The performance of the TS68008 is greater than any 8-bit micropro- 
cessor and superior to several 16-bit microprocessors. 


The resources available to the TS68008 user consist of the following: 
17 32-Bit Data and Address Registers 

56 Basic Instruction Types 

Extensive Exception Processing 

Memory Mapped I/O 

14 Addressing Modes 

Complete Code Compatibility with the TS68000 


A system implementation based on an 8-bit data bus reduces system cost in comparison to 16-bit 
systems due to a more effective use of components and the fact that byte-wide memories and 
peripherals can be used much more effectively. In addition, the non-multiplexed address and data 
buses eliminate the need for external demultiplexers, thus further simplifying the system. 


The TS68008 has full code compatibility (source and object) with the TS68000 which allows pro- 
grams to be run on either MPU, depending on performance requirements and cost objectives. 


The TS68008 Is available in a 48-pin dual-in-line package (plastic or ceramic) and a 52-pin quad 
plastic package. Among the four additional pins of the 52-pin package, two additional address lines 
are included beyond the 20 address lines of the 48-pin package. The address range of the TS68008 
is one or four megabytes with the 48- or 52-pin package, respectively. 


The large non-segmented linear address space of the TS68008 allows large modular programs to be 
developed and executed efficiently. A large linear address space allows program segment sizes to 
be determined by the application rather than forcing the designer to adopt an arbitrary segment size 
without regard to the application's individual requirements. 


The programmer's model is identical to that of the TS68000, as shown in Figure 1-1, with seven- 
teen 32-bit registers, a 32-bit program counter, and a 16-bit status register. The first eight registers 
(D0-D7) are used as data registers for byte (8-bit), word (16-bit), and long word (32-bit) operations. 
The second set of seven registers (AQ-A6), the user stack pointer (A7), and the system stack pointer 
(A7") may be used as software stack pointers and base address registers. In addition, the registers 
may be used for some simple word and long word data operations. All of the 17 registers may be 
used as index registers. 
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Figure 1-1. Programming Model 





While all of the address registers can be used to create stacks and queues, the A7 address register, 
by convention, is used as the system stack pointer. Supplementing this convention is another ad- 
dress register, A7’, also referred to as the system stack pointer. This powerful concept allows the 
supervisor mode and user mode of the TS68008 to each have their own system stack pointer (con- 
sistently referred to as SP) without needing to move pointers for each context of use when the 
mode is switched. 


The system stack pointer (SP) is either the supervisor stack pointer (A7’=SSP) or the user stack 
point (A7=USP), depending on the state of the S bit in the status register. If the S bit is set, in 
dicating that the processor is in the supervisor state, when the SSP is the active system stack 
pointer and the USP is not used. If the S bit is clear, indicating that the processor 1s in the user 
State, then the USP is the active system stack pointer and the SSP is protected from user 
modification. 


The status register, shown in Figure 1-2, may be considered as two bytes: the user byte and the 
system byte. The user byte contains five bits defining the overflow (V), zero (Z), negative (N), carry 
(C), and extended (X) condition codes. The system byte contains five defined bits. Three bits are 
used to define the current interrupt priority; any interrupt level higher than the current mask level 
will be recognized. (Note that level 7 interrupts are non-maskable - that is, level 7 interrupts are 
always processed.) Two additional bits indicate whether the Processor is in the trace (T) mode 
and/or in the supervisor (S) state.. 
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Figure 1-2. Status Register 


1.1 DATA TYPES AND ADDRESSING MODES 


Five basic data types are supported. These data types are: 
@ Bits 
@ BCD Digits (4 bits) 
@® Bytes (8 bits) 
@ Words (16 bits) 
@® Long Words (32 bits) 


In addition, operations on other data types such as memory addresses, status word data, etc., are 
provided in the instruction set. 


Most instructions can use any of the 14 addressing modes which are listed in Table 1-1. These 
addressing modes consist of six basic types: 

Register Direct 

Register Indirect 

Absolute 

Program Counter Relative 

Immediate 

Implied 


Table 1-1. Addressing Modes 


Register Direct Addressing 
Dn 
An 





Data Register Direct 
Address Register Direct 





Absolute Data Addressing 














Absolute Short NOTES: 
Absolute Long Dn = Data Register 
Program Counter Relative Addressing An = Address Register 
Relative with Offset Xn = Address or Data Register used as Index Register 
Re'ative with Index Offset SR = Status Register 
PC = Program Counter 






Register Indirect Addressing 


SP = Stack Pointer 
Register Indirect 


USP = User Stack Pointer 









(An) 







Postincrement Register Indirect (An) + 
{ } = Contents of 
Predecrement Register Indirect - (An) 
: dg = 8-Bit Offset (Displacement) 
Register Indirect with Offset d16(An) d 16. Bit Olfser (Displacement 
Indexed Register Indirect with Offset dgiAn, Xn) 16 


#xxx = Immediate Data 






Immediate Data Addressing 
Immedtate HXxx 
Quick Immediate #1-#8 


Imphed Addressing 
Imphed Register SRAUSP TSP ORG 
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The register indirect addressing modes also have the capability to perform postincrementing, pre- 
decrementing, offsetting, and indexing. The program counter relative mode may be used in com- 
bination with indexing and offsetting for writing relocatable programs. 


1.2 INSTRUCTION SET OVERVIEW 


The TS68008 is completely code compatible with the TS68000. This means that programs 
developed for the TS68000 will run on the TS68008 and vice versa. This applies equally to either 
source code or object code. 


The instruction set was designed to minimize the number of mnemonics remembered by the pro- 
grammer. To further reduce the programmer's burden, the addressing modes are orthogonal. 


The instruction set, shown in Table 1-2, forms a set of programming tools that include all processor 
functions to perform data movement, integer arithmetic, logical operations, shift and rotate opera- 
tions, bit manipulation, BCD operations, and both program and system control. Some additional in- 
structions are variations or subsets of these and appear in Table 1-3. 


CHK 
CLR 
CMP 


DBcc 
DIVS 
DIVU 
EOR 
EXG 
EXT 
JMP 
JSR 
LEA 
LINK 
LSL 
LSR 


Table 1-2. Instruction Set 


[Mnemonic [_____Desetption sd 


Add Decimal! With Extend 
Add 

Logical And 

Arithmetic Shift Left 
Arithmetic Shift Right 


Branch Conditionally 
Bit Test and Change 
Bit Test and Clear 
Branch Always 

Bit Test and Set 
Branch to Subroutine 
Bit Test 


Check Register Against Bounds 


Clear Operand 
Compare 


Test Condition, Decrement and Branch 
Signed Divide 

Unsigned Divide 

Exclusive Or 

Exchange Registers 

Sign Extend 


Jump 
Jump to Subroutine 


Load Effective Address 
Link Stack 

Logical Shift Left 
Logical Shift Right 





Move 
Signed Multiply 
Unsigned Multiply 


Negate Decimal with Extend 
Negate . 

No Operation 
One's Complement 


Push Effective Address 
Reset External Devices 
Rotate Left without Extend 
Rotate Right without Extend 
Rotate Left with Extend 
Rotate Right with Extend 
Return from Exception 
Return and Restore 
Return from Subroutine 


Subtract Decimal with Extend 
Set Conditional 

Stop 

Subtract 

Swap Data Register Halves 


Test and Set Operand 
Trap 

Trap on Overflow 
Test 
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Table 1-3. Variations of Instruction Types 


Instruction 
Description Type Variation Description 


Add MOVE MOVE Move 
MOVEA Move Address 
MOVEC Move Control Register 
MOVEM Move Multiple Registers 
MOVEP Move Peripheral Data 
MOVEQ Move Quick 
MOVES Move Alternate Address 

Space 

MOVE from SR Move from Status Register 
MORE to SR Move to Status Register 
MOVE from CCR | Move from Condition Codes 
MOVE to CCR Move to Condition Codes 
MOVE USP Move User Stack Pointer 


Add Address 
NEG Negate 
NEGX Nexgate with Extend 


Add Quick 
OR Logical Or 
ORI Or Immediate 
ORI to CCR Or Immediate to 
Condition Codes 
OR! to SR Or Immediate to 
Status Register 


Instruction 
Type Variation 





















































AND 
ANDI 
ANDI to CCR 






















Condition Codes 
And immediate to 
Status Register 





ANDI to SR 











Compare 
Compare Address 
Compare Memory 
Compare Immediate 















EOR 
EORI 
EOR! to CCR 


Exclusive. Or 
Exclusive Or Immediate 
Exclusive Or Immediate 
to Condition Codes 
Exclusive Or Immediate 
to Status Register 



















Add !tmmediate 
EOR! to SR 
Subtract 


Add with Extend 
Subtract Address 


Logical And 
And Immediate 
Subtract Immediate 
Subtract Quick 


And Immediate to 
Subtract with Extend 
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SECTION 2 
DATA ORGANIZATION AND ADDRESSING CAPABILITIES 


This section describes the registers and data organization of the TS68008. 


2.1 OPERAND SIZE 


Operand sizes are defined as follows: a byte equals eight bits, a word equals 16 bits (two bytes), and 
a long word equals 32 bits (four bytes). The operand size for each instruction is either explicitly en- 
coded tn the instruction or implicitly defined by the instruction operation. Implicit instructions sup- 
port some subset of all three sizes. When fetching instructions, the TS68008 always fetches pairs 
of bytes (words) thus guaranteeing compatibility with the TS68000. 


2.2 DATA ORGANIZATION IN REGISTERS 


The eight data registers Support data operands of 1, 8, 16, or 32 bits. The seven address registers 
together with the stack pointers Support address operands of 32 bits. 


2.2.1 Data Registers 


Each data register is 32 bits wide. Byte operands occupy the low order eight bits, word operands 
the low order 16 bits, and long word operands the entire 32 bits. The least significant bit is 
addressed as bit zero; the most significant bit is addressed as bit 31. 


When a data register is used as either a Source or destination operand, only the appropriate low 
order portion is changed; the remaining high order portion is neither used nor changed. 


2.2.2 Address Registers 


Each address register and the stack pointer is 32 bits wide and holds a full 32-bit address. Address 
registers do not support the byte sized operand. Therefore, when an address register is used as a 
source operand, either the low order word or the entire long word operand Is used depending upon 
the operation size. When dn address register is used as the destination operand, the entire register 
is affected regardless of the operation size. If the operation size is word, any other operands are sign 
extended to 32 bits before the operation is performed. 


2.3 DATA ORGANIZATION IN MEMORY 


The data types supported by the TS68008 are: bit data, integer data of 8, 16, or 32 bits, and 32-bit 
addresses. Figure 2-1 shows the organization of these data types in memory. 
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Bit Data 1 Byte=8 Bits 
7 6 5 4 ai. tg 1 0 


(ie Les a a ES He 


Integer Data 1 Byte =8 Bits 
7 6 5 4 3 2 1 0 


Lower Addresses 





Higher Addresses 


1 Word= 2 Bytes= 16 Bits 
ByteQ (MS Byte) Lower Addresses 
Byte 1 (LS Byte) 
Byte OQ (MS Byte) 
Byte 1 (LS Byte) Higher Addresses 





1 Long Word= 2 Words = 4 Bytes = 32 Bits 


High Order Lower Addresses 


Word 
Long Word 0 
Low Order 
Word 


High Order 
Word 


Long Word 1 
Low Order 


Word Higher Addresses 





Figure 2-1. Memory Data Organization 


2.4 ADDRESSING 


Instructions for the TS68008 contain two kinds of information: the type of function to be per- 
formed, and the location of the operand(s) on which to perform that function. The methods used to 
locate (address) the operandi(s) are explained in the following paragraphs. 


Instructions specify an operand location in one of three ways: 


Register Specification — the number of the register is given in the register field of the 
instruction. 


Effective Address — use of the different effective address modes. 
Implicit Reference — the definition of certain instructions implies the use of specific registers. 
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2.5 INSTRUCTION FORMAT 


Instructions are from one to five words (two to ten bytes) in length as shown in Figure 2-2. Instruc- 
tions always start on a word boundary thus guaranteeing compatibility with the TS68000. The 
length of the instruction and the operation to be performed Is specified by the tirst word of the in- 
struction which is called the operation word. The remaining words further specify the operands. 
These words are either immediate operands or extensions to the effective adaress mode specified in 
the operation word. 


Even oe (AQ = 0) Odd —S (AO=1) 


Operation Word 
(First Word Specifies Operation and Modes) 
Immediate Operand 
(If Any, One or Two Words) 
Source Effective Address Extension 
(If Any, One or Two Words) 
Destination Effective Address Extension 
(tf Any, One or Two Words) 


Figure 2-2. Instruction Operation Word General Format 






2.6 PROGRAM/DATA REFERENCES 


The TS68008 separates memory references into two classes: program references, and data 
references. Program references, as the name implies, are references to that section of memory con- 
taining the program being executed. Data references refer to that section of memory containing 
data. Operand reads are from the data space except in the case of the program counter relative ad- 
dressing mode. All operand writes are to the data space. The function codes are used to indicate 
the address space being accessed during a bus cycle. 


2.7 REGISTER SPECIFICATION 


The register field within an instruction specifies the register to be used. Other fields within the in- 
struction specify whether the register selected is an address or data register and how the register Is 
to be used. 


2.8 EFFECTIVE ADDRESS 


Most instructions specify the location of an operand by using the effective address field in the 
operation word. For example, Figure 2-3 shows the general format of the single-effective-address 
instruction operation word. The effective address is composed of two 3-bit fields: the mode field, 
and the register field. The value in the mode field selects the different address modes. The register 
field contains the number of a register. 


Even Byte | Odd Byte 
5 4 3 2 ] 0 


7 6 5 4 3 2 1 0 7 6 
Effective Address 
Mode Register 


Figure 2-3. Single-Effective-Address Instruction Operation Word 
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The effective address field may require additional information to fully specify the operand. This 
additional information, called the effective address extension, is contained in the following word or 
words and is considered part of the instruction, as shown in Figure 2-2. The effective address 
modes are grouped into three categories: register direct, memory addressing, and speciai. 


2.8.1 Register Direct Modes 
These effective addressing modes specify that the operand is in one of sixteen multifunction 
registers. 


2.8.1.1 DATA REGISTER DIRECT. The operand is in the data register specified by the effective 
address register field. 


2.8.1.2 ADDRESS REGISTER DIRECT. The operand is in the address register specified by the ef- 
fective address register field. 


2.8.2 Memory Address Modes 


These effective addressing modes specify that the operand is in memory and provide the specific 
address of the operand. 


2.8.2.1 ADDRESS REGISTER INDIRECT. The address of the operand is in the address register 
specified by the register field. The reference is classified as a data reference with the exception of 
the jump and jump-to-subroutine instructions. | 


2.8.2.2 ADDRESS REGISTER INDIRECT WITH POSTINCREMENT. The address of the operand is 
in the address register specified by the register field. After the operand address is used, it is incre- 
mented by one, two, or four depending upon whether the size of the operand is byte, word, of long 
word. If the address register is the stack pointer and the operand size is byte, the address is incre- 
mented by two rather than one to keep the stack pointer on a word boundary. The reference is 
classified as a data reference. 


2.8.2.3 ADDRESS REGISTER INDIRECT WITH PREDECREMENT. The address of the operand will 
be in the address register specified by the register field. Before the address register is used for 
operand access, it is decremented by one, two, or four depending upon whether the operand size is 
byte, word, or long word. If the address register is the stack pointer and the operand size is byte, 
the address is decremented by two rather than one to keep the stack pointer on a word boundary. 
The reference is classified as a data reference. 


2.8.2.4 ADDRESS REGISTER INDIRECT WITH DISPLACEMENT. This address mode requires one 
word of extension. The address of the operand is the sum of the address in the address register and 
the sign-extended 16-bit displacement integer in the extension word. The reference is classified as a 
data reference with the exception of the jump and jump-to-subroutine instructions. 


2.8.2.5 ADDRESS REGISTER INDIRECT WITH INDEX. This address mode requires one word of 
extension. The address of the operand is the sum of the address in the address register, the sign- 
extended displacement integer in the low order eight bits of the extension word, and the contents 
of the index register. The reference is classified as a data reference with the exception of the jump 
and jump-to-subroutine instructions. 
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2.8.3 Special Address Modes 


The special address modes use the effective address register field to specify the special addressing 
mode instead of a register number. 


2.8.3.1 ABSOLUTE SHORT ADDRESS. This address mode requires one word of extension. The 
address of the operand is the extension word. The 16-bit address is sign extended before it is used. 
The reference is classified as a data reference with the exception of the jump and jJump-to- 
subroutine instructions. 


2.8.3.2 ABSOLUTE LONG ADDRESS. This address mode requires two words of extension. The 
address of the operand is developed by the concatenation of the extension words. The high order 
part of the address is the first extension word; the low order part of the address is the second exten- 
sion word. The reference is classified as a data reference with the exception of the jump and jump- 
to-subroutine instructions. 


2.8.3.3 PROGRAM COUNTER WITH DISPLACEMENT. This address mode requires one word of 
extension. The address of the operand is the sum of the address in the program counter and the 
sign-extended 16-bit displacement integer in the extension word. The value in the program counter 
is the address of the extension word. The reference is classified as a program reference. 


2.8.3.4 PROGRAM COUNTER WITH INDEX. This address mode requires one word of extension. 
This address is the sum of the address in the program counter, the sign-extended displacement 
integer in the lower eight bits of the extension word, and the contents of the index register. The 
value in the program counter is the address of the extension word. This reference is classified as a 
program reference. 


2.8.3.5 IMMEDIATE DATA. This address mode requires either one or two words of extension 
depending on the size of the operation. 
Byte Operation — operand is low order byte of extension word 
Word Operation — operand is extension word 
Long Word Operation — operand is in the two extension words, high order 16 bits are in the 
first extension word, low order 16 bits are in the second extension 
word. 


2.8.3.6 IMPLICIT REFERENCE. Some instructions make implicit reference to the program counter 
(PC), the system stack pointer (SP), the supervisor stack pointer (SSP), the user stack pointer 
(USP), or the status register (SR). A selected set of instructions may reference the status register by 
means of the effective address field. These are: 


ANDI to CCR EOR! to SR MOVE to CCR 
ANDI! to SR ORI to CCR MOVE to SR 
EORI to CCR ORI to SR MOVE from SR 


2.9 EFFECTIVE ADDRESS ENCODING SUMMARY 


Table 2-1 is a Summary of the effective addressing modes discussed in the previous paragraphs. 
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Table 2-1. Effective Address Encoding Summary 


Address Register Indirect with 
Postincrement | 


Address Register Indirect with 
Predecrement 


Address Register Indirect with 


Displacement 


Address Register Indirect with 
Index 


Absolute Short 
Absolute Long 


Program Counter with 
Displacement 


Program Counter with index [ty [on 


Immediate 





2.10 SYSTEM STACK 


The system stack is used implicitly by many instructions; user stacks and Queues may be created 
and maintained through the addressing modes. Address register seven (A/7) is the system stack 
pointer (SP). The system stack pointer is either the supervisor stack pointer (SSP) or the user stack 
pointer (USP), depending on the state of the S bit in the status register. If the S bit indicates super- 
visor State, SSP is the active system stack pointer and the USP is not used. If the S bit indicates 
user State, the USP is the active system stack pointer, and the SSP cannot be referenced. Each 
system stack fills from high memory to low memory. | 
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SECTION 3 
INSTRUCTION SET SUMMARY 


This section contains an overview of the form and structure of the TS68008 instruction set. The in- 
structions form a set of tools that include all the machine functions to perform the following 
operations: 


Data Movement Bit Manipulation 
Integer Arithmetic Binary Coded Decimal 
Logical Program Control 
Shift and Rotate System Control 


The complete range of instruction capabilities combined with the flexible addressing modes 
described previously provide a very flexible base for program development. 


3.1 DATA MOVEMENT OPERATIONS 


The basic method of data acquisition (transfer and storage) is provided by the move (MOVE) in- 
struction. The move instruction and the effective addressing modes allow both address and data 
manipulation. Data move instructions allow byte, word, and long word operands to be transferred 
from memory to memory, memory to register, register to memory, and register to register. Address 
move instructions allow word and long word operand transfers and ensure that only legal address 
manipulations are executed. In addition to the general move instruction there are several special 
data movement instructions: move multiple registers (MOVEM), move peripheral data (MOVEP), 
exchange registers (EXG), load effective address (LEA), push effective address (PEA), link stack 
(LINK), unlink stack (UNLK), and move quick (MOVEQ). Table.3-1 is a summary of the data move- 
ment operations. 


Table 3-1. Data Movement Operations 


[instruction | Operand Sie 












NOTES: 
LINK AN — - (SP) S= source 
SP —* An d= destination 
SP + displacement —> SP { ]=bit number 


— = indirect with predecrement 
+ =indirect with postdecrement 
#= immediate data 


8, 26, 32 (EA)s —> (EA)d 
MOVEM 16, 32 (EA) — An, Dn 
An, Dn — (EA) 
MOVEP 16, 32 (EA) — Dn 
Dn — (EA) 
EA — -(SP) 


Dn(31:16] > Dn{15:0) 


An —> SP 
(SP) + — An 
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3.2 INTEGER ARITHMETIC OPERATIONS 


The arithmetic operations include the four basic operations of add (ADD), subtract (SUB), multiply 
(MUL), and divide (DIV) as well as arithmetic compare (CMP), clear (CLR), and negate (NEG). The 
add and subtract instructions are available for both address and data operations, with data opera- 
tions accepting all operand sizes. Address operations are limited to legal address size operands (16 
or 32 bits). Data, address, and memory compare operations are also available. The clear and negate 
instructions may be used on all sizes of data operands. 


The multiply and divide operations are available for signed and unsigned operands using word 
multiply to produce a long word product, and a long word dividend with word divisor to produce a 
word quotient with a word remainder. 


Multiprecision and mixed size arithmetic can be accomplished using a set of extended instructions. 
These instructions are: add extended (ADDX), subtract extended (SUBX), sign extend (EXT), and 
negate binary with extend (NEGX). 


A test operand (TST) instruction that will set the condition codes as a result of a compare of the 
operand with zero is also available. Test and set (TAS) is a synchronization instruction useful in 
multiprocessor systems. Table 3-2 is a summary of the integer arithmetic operations. 




























Table 3-2. Integer Arithmetic Operations 
Operand Size Operand Size 
ADD 8, 16, 32 Dn + (EA) — Dn 8 — 16 (Ong — Dnig 
(EA) + Dn — (EA) 1G <=""97 (Dn)16 —* Dn39 
(EA) + #xxx —* (EA) MULS 16 x 16 — 32 Dn x (EA) — Dn 
16, 32 An + (EA) ~ An MULU 16 x 16 — 32 Dn x (EA) — Dn 
16, 32 — (Ax) + —(Ay) + X — (Ax) — 
N 8, 16, 32 O — (EA) — X — (EA 
















aa ee we _ ie (EA) - On — (EA) 
Tee . eee (EA) — #xxx —® (EA) 

es Ny ‘ a 

16, 32 An — (EA) An (EA) n 





32 + 16 Dn + (EA) — Dn 


DIVU 32 + 16 Dn = (EA) — Dn 


NOTES: 
{ ]= bit number 
#= immediate data 
— = Indirect with predecrement 
+ =indirect with postdecrement 


eT SRT 
8, 16, 32 (EA) -— 0 





EXT 
NEG 
SUB 
SUBX 8, 16, 32 Dx -— Dy —- X — Dx 
— (Ax) — — (Ay) —X — (Ax) 
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3.3 LOGICAL OPERATIONS 


Logical operation instructions AND, OR, EOR, and NOT are available for all sizes of integer data 
operands. A similar set of immediate instructions (ANDI, ORI, and EORI) provide these logical 
operations with all sizes of immediate data. Table 3-3 is a summary of the logical operations. 


Table 3-3. Logical Operations 


[instruction | Operand Siz 


AND 8, 16, 32 Dn A (EA) — On 
(EA) A Dn — (EA) 
(EA) A #xxx —* (EA) 
8, 16, 32 Dn V (EA) — Dn 
(EA) V On — (EA) 
(EA) V #xxx —* (EA) 


8516232 (EA) Dy — (EA) 
(EA) @ #xxx —* (EA)- 


Rud 8, 16, 32 ~(EA) — EA 










NOTES: 
# = immediate data V = logical OR 
~ = invert ® = logical exclusive OR 
A= logical AND 


3.4 SHIFT AND ROTATE OPERATIONS 


Shift operations in both directions are provided by the arithmetic instructions ASR and ASL and 
logical shift instructions LSR and LSL. The rotate instructions (with and without extend) available 
are ROXR, ROXL, ROR, and ROL. All shift and rotate operations can be performed in either 


registers or memory. Register shifts and rotates Support all operand sizes and allow a shift count 
specified in a data register. 


Memory shifts and rotates are for word operands and provide single-bit shifts or rotates. 


Table 3-4 is a summary of the shift and rotate operations. 


Table 3-4. Shift and Rotate Operations 









Operand 
Size 


nstruc- O 
ration 
tion 





cee 0 
rem 





ee 16, 32 


tt 





mre re] 
Og Me pemeemeneren ay 
roxr fe. 16, 22] HO 


ant 
co) 
w 
ho 
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3.5 BIT MANIPULATION OPERATIONS 


Bit manipulation operations are accomplished using the following instructions: bit test (BTST), bit 
test and set (BSET), bit test and clear (BCLR), and bit test and change (BCHG). Table 3-5 is a sum- 
mary of the bit manipulation operations. (Z is bit 2 of the status register. ) 


Table 3-5. Bit Manipulation Operations 


Operand Sie [Operation 
~bit of (EA) —>Z 


~ bit of (EA)—>Z 
1—* bit of EA 

~bit of (EA)—*Z 
O-* bit of EA 







~ bit of (EA) Z 
~ bit of (EA) —* bit of EA 


NOTE: ~ =invert 


3.6 BINARY CODED DECIMAL OPERATIONS 


Multiprecision arithmetic operations on binary coded decimal numbers are accomplished using the 
following instructions: add decimal with extend (ABCD), subtract decimal with extend (SBCD), 
and negate decimal with extend (NBCD). Table 3-6 is a summary of the binary coded decimal 
operations. 


Table 3-6. Binary Coded Decimal Operations 


|_Instruction 
—(Axlig + —(Aylio + X —» (Ax) 
—{(Ax)ig -— —(Aylig — X = (Ax) 
neeo = TE = XY 










3.7 PROGRAM CONTROL OPERATIONS 


Program control operations are accomplished using a series of conditional and unconditional 
branch instructions, jump instructions, and return instructions. These instructions are summarized 
in Table 3-7. 


The conditional instructions provide setting and branching for the following conditions: 


CC — carry clear GE — greater or equal LS — loworsame PL — plus 

CS — carry set GT — greater than LT — less than T — always true 
EQ — equal HI — high MI — minus VC — no overflow 
F — never true LE — less or equal NE — not equal VS — overflow 
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Table 3-7. Program Control Operations 


[—istwction [SCO pwraton Cd 


Conditional 
Bcc 


DBcc 


SCC 
Unconditional 
BRA 


BSR 
JMP 
JSR 


Returns 


RTR 
RTS 


3.8 SYSTEM CONTROL OPERATIONS 





Branch Conditionally (14 conditions) 
8- and 16-Bit Displacement 

Test Condition, Decrement, and Branch 
16-Bit Displacement 

Set Byte Conditionally (16 Conditions) 


Branch Always 

8- and 16-Bit Displacement 
Branch to Subroutine 

8- and 16-Bit Displacement 
Jump 
Jump to Subroutine 


Return and Restore Condition Codes 
Return from Subroutine 


System control operations are accomplished by using privileged instructions, trap generating in- 
structions, and instructions that use or modify the status register. These instructions are sum- 


marized in Table 3-8. 


Table 3-8. System Control Operations 


[iestructon «Cation 


Privileged 
ANDI to SR 
EORI to SR 
MOVE EA to SR 
MOVE USP 
ORI to SR 
RESET 
RTE 
STOP 

Trap Generating 
CHK 
TRAP 
TRAPV 

Status Register 
ANDI to CCR 
EORI to CCR 
MOVE EA to CCR 
MOVE SR to EA 
ORI to CCR 





Logical AND to Status Register 
Logical EOR to Status Register 
Load New Status Register 
Move User Stack Pointer 
Logical OR to Status Register 
Reset External Devices 

Return from Exception 

Stop Program Execution 


Check Data Register Against Upper Bounds 
Trap 
Trap on Overflow 


Logical AND to Condition Codes 
Logical EOR to Condition Codes 
Load New Condition Codes 
Store Status Register 

Logical OR to Condition Codes 
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SECTION 4 
SIGNAL AND BUS OPERATION DESCRIPTION 


This section contains a brief description of the input and output signals. A discussion of bus opera- 
tion during the various machine cycles and operations is also given. 


4.1 SIGNAL DESCRIPTION 


The TS68008 Is available in two package sizes (48-pin and 52-pin). The additional four pins of the 
52-pin quad package allow for additional signals: A20, A21, BGACK, and IPL 


NO 


Throughout this document, references to the address bus pins (AQ-A19) and the interrupt priority 
level pins (IPLO/IPL2, IPL1) refer to AO-A21 and IPLO, IPL1, and IPL2 for the 52-pin version of the 
TS68008. 


The input and output signals can be functionally organized into the groups shown in Figure 4-1(a) 
for the 48-pin version and in Figure 4-1(b) for the 52-pin version. The following paragraphs provide a 
brief description of the signals and a reference (if applicable) to other paragraphs that contain more 
information about the function being performed. 


(a) 48-Pin Version 


Address Bus AO-A19 


Data Bus DO-D7 


4) 








Processor 
TS68008 Asynchronous 
Microprocessor DS Bus 
Control 
6800 DTACK 
Peripheral < oe 
Control BR Bus 
BG » Arbitration 
Control 
System PLO/2 
Control Sooo Interrupt 
IPL Control 


Figure 4-1. Input and Output Signals 
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(b) 52-Pin Version 


Address Bus A0-A21 


Data Bus DO-D7 


MY 











Processor pin 
Status R/W Asynchronous 
TS68008 DS Bus 
| Microprocessor STACK Control 
, BR 
Peripheral 
Control BG Bus 
Arbitration 
BGACK Control 
System PLO 
Control — 
IPL Interrupt 
iPLD Control 


Figure 4-1. Input and Output Signals (Continued) 


4.1.1 Address Bus (48-Pin: AO through A19 
52-Pin: AO through A21) 


This unidirectional three-state bus provides the address for bus operation during all cycles except 
interrupt acknowledge cycles. During interrupt acknowledge cycles, address lines A1, A2, and A3 
provide information about what level interrupt is being serviced while address lines AO and A4 
through A19 (A21) are all driven high. 


4.1.2 Data Bus (DO through D7) 


This 8-bit, bidirectional, three-state bus is the general purpose data path. During an interrupt 
acknowledge cycle, the external device supplies the vector number on data lines DO-D7. 


4.1.3 Asynchronous Bus Control 


Asynchronous data transfers are handled using the following control signals: address strobe, 
read/write, data strobe, and data transfer acknowledge. These signals are explained in the follow- 
ing paragraphs. 


4.1.3.1 ADDRESS STROBE (AS). This three-state signal indicates that there is a valid address on 
the address bus. It is also used to “lock” the bus during the read-modify-write cycle used by the test 
and set (TAS) instruction. 


4.1.3.2 READ/WRITE (R/W). This three-state signal defines the data bus transfer as a read or 


write cycle. The R/W signal also works in conjunction with the data strobe as explained in the 
following paragraph. 
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4.1.3.3 DATA STROBE (DS). This three-state signal controls the flow of data on the data bus as 
shown in Table 4-1. When the R/W line is high, the processor will read from the data bus as in- 
dicated. When the R/W line is low, the processor will write to the data bus as shown. 


Table 4-1. Data Strobe Control of Data Bus 


a ee No Valid Data 
P10 1 Valid Data Bits 0-7 (Read Cycle) 


pO Valid Data Bits 0-7 (Write Cycle) 











4.1.3.4 DATA TRANSFER ACKNOWLEDGE (DTACK). This input indicates that the data transfer 
is completed. When the processor recognizes DTACK during a read cycle, data is latched and the 
bus cycle is terminated. When DTACK is recognized during a write cycle, the bus cycle is 
terminated. (Refer to 4.4 ASYNCHRONOUS VERSUS SYNCHRONOUS OPERATION.) 





4.1.4 Bus Arbitration Control 


The 48-pin TS68008 contains a simple two-wire arbitration circuit and the 52-pin TS68008 contains 
the full three-wire TS68000 bus arbitration control. Both versions are designed to work with daisy- 
chained networks, priority encoded networks, or a combination of these techniques. This circuit is 
used in determining which device will be the bus master device. 


4.1.4.1 BUS REQUEST (BR). This input is wire ORed with all other devices that could be bus 
masters. This device indicates to the processor that some other device desires to become the bus 
master. Bus requests may be issued at any time in a cycle or even if no cycle is being performed. 


4.1.4.2 BUS GRANT (BG). This output indicates to all other potential bus master devices that the 
processor will release bus control at the end of the current bus cycle. 


4.1.4.3 BUS GRANT ACKNOWLEDGE (BGACK). This input, available on the 52-pin version only, 
indicates that some other device has become the bus master. This signal should not be asserted un- 
til the following four conditions are met: 
1. a bus grant has been received, 
2. address strobe is inactive which indicates that the microprocessor is not using the bus, 
3. data transfer acknowledge is inactive which indicates that neither memory nor peripherals 
are using the bus, and 
4. bus grant acknowledge is inactive which indicates that no other device is still claiming bus 
mastership. 


NOTES 
1) There is a two-clock interval straddling the transition of AS from the inactive state 
to the active state during which BG cannot be issued. 
2) If an existing TS68000 system is retrofitted to use the TS68008, 48-pin version 
(using BR and BG only), the existing BR and BGACK signals should be ANDed 
and the resultant signal connected to the TS68008’s BR. 





3-117 


4.1.5 Interrupt Control (48-Pin: IP a RU re 
52-Pin: IPLO, | "ED 


These input pins indicate the encoded priority level of the device requesting an interrupt. The 
TS68000 and the 52-pin TS68008 MPUs use three pins to encode a range of 0-7 but, for the 48-pin 
TS68008 only two pins are available. By connecting the IPLO/TPL2 pin to both the IPLO and IPL2 in- 
puts internally, the 48-pin encodes values of 0, 2, 5, and 7. Level zero is used to indicate that there 
are no interrupts pending and level seven is a non-maskable edge-triggered interrupt. Except for 
level seven, the requesting level must be greater than the interrupt mask level contained in the pro- 
cessor status register before the processor will acknowledge the request. 


The level presented to these inputs is continually monitored to allow for the case of a requesting 
level that is less than or equal to the processor status register level to be followed by a request that is 
greater than the processor status register level. A satisfactory interrupt condition must exist for two 
successive clocks before triggering an internal interrupt request. An interrupt acknowledge se- 
quence is indicated by the function codes. 


4.1.6 System Control 


The system control inputs are used to either reset or halt the processor and to indicate to the pro- 
cessor that bus errors have occurred. The three system control signals are explained in the following 
paragraphs. 


4.1.6.1 BUS ERROR (BERR). This input informs the processor that there is a problem with the cy- 
cle currently being executed. Problems may be a result of: 

1. nonresponding devices, 

2. interrupt vector number acquisition failure, 

3. illegal access request as determined by a memory management unit, or 

4. various other application dependent errors. 


The bus error signal interacts with the halt signal to determine if the current bus cycle should be re- 
executed or if exception processing should be performed. Refer to 4.2.3 Bus Error and Halt Opera- 
tion for a detailed description of the interaction which is summarized below. 

BERR HALT Resulting Operation 

High High Normal operation 


High Low Single bus cycle operation 
Low High Bus error — exception processing 
Low Low Bus error — re-run current cycle 


4.1.6.2 RESET (RESET). This bidirectional signal line acts to reset (start a system initialization se- 
quence) the processor in response to an external RESET signal. An internally generated reset (result 
of a reset instruction) causes all external devices to be reset and the internal state of the processor is 
not affected. A total system reset (processor and external devices) is the result of external HALT 
and RESET signals applied at the same time. Refer to 4.2.4 Reset Operation for further information. 


4.1.6.3 HALT (HALT). When this bidirectional line is driven by an external device, it will cause the 
processor to stop at the completion of the current bus cycle. When the processor has been halted 
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using this input, all control signals are inactive and all three-state lines are put in their high- 
impedance state. Refer to 4.2.3 Bus Error and Halt Operation for additional information about the 
interaction between the halt and bus error signals. 


When the processor has stopped executing instructions, Such as in a double bus fault condition, 
the halt line is driven by the processor to indicate to external devices that the processor has stop- 
ped. 


4.1.7 6800 Peripheral Control 


These control signals are used to allow the interfacing of synchronous 6800 peripheral devices 
with the asynchronous TS68008. These signals are explained in the following paragraphs. 


The TS68008 does not supply a valid memory address (VMA) signal like that of the TS68000. The 
VMA signal indicates to the 6800 peripheral devices that there is a valid address on the address 
bus and that the processor is synchronized to the enable clock. This signal can be produced by a 
TTL circuit (see a sample circuit in Figure 4-2). The VMA signal, in this circuit, only responds to a 
valid peripheral address (VPA) input which indicates that the peripheral is an 6800 Family device. 
Timing for this circuit is shown in Figure 6-2. 


SN74LS73 SN74LS73 


VPA Decode (Address 
Decode ® Strobe) 


VMA (To 6800 


Devices) 


VPA (To TS68008) 





CLK 


Figure 4-2. External VMA Generation 


The VPA decode shown in Figure 4-2 is an active high decode indicating that address strobe (AS) 
has been asserted and the address bus is addressing an 6800 peripheral. The VPA output of the 
Circuit is used to indicate to the TS68008 that the data transfer should be synchronized with the 
enable (E) signal. 


4.1.7.1 ENABLE (E). This signal is the standard enable signal common to all 6800 type peripheral 
devices. The period for this output is 10 TS68008 clock periods (six clocks low, four clocks high). 


4.1.7.2 VALID PERIPHERAL ADDRESS (VPA). This input indicates that the device or region 
addressed is a 6800 Family device and that data transfer should be synchronized with the enable 
(E) signal. This input also indicates that the processor should use automatic vectoring for an inter- 
rupt. Refer to 6.0 INTERFACE WITH 6800 PERIPHERALS. 


4.1.8 Processor Status (FCO, FC1, FC2) 


These function code outputs indicate the state (user or Supervisor) and the cycle type currently be- 
ing executed, as Shown in Table 4-2. The information indicated by the function code outputs is valid 
whenever address strobe (AS) is active. 
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Table 4-2. Function Code Outputs 


Function Code Output . 
Cycle Type 


TFe2 | 
tow | tow | tow] TUndetines, Reservec | 
tow [ew [High [User Datei 
[tow] ow 

L 







FC2 

Low 

Low Ww 

Low 
ow 
Lo 





Ww 
Scservear Progam 
High: Interrupt Acknowledge 






4.1.9 Clock (CLK) 


The clock input is a TTL-compatible signal that is internally buffered for development of the internal 
clocks needed by the processor. The clock input shall be a constant frequency. 


4.1.10 Vcc and GND 


Power is supplied to the processor using these two signals. VCC is power and GND is the ground 
connection. 


4.1.11 Signal Summary 


Table 4-3 is a summary of all the signals discussed in the previous paragraphs. 


Table 4-3. Signal Summary 


Input/Output on HALT | on BGACK 


Ww Output Read-High 
Write-Low 


| Low 
Power pat Vcr 
input 





* Open Drain 
* #52-Pin Version Only 
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4.2 BUS OPERATION 


The following paragraphs explain contro! signal and bus operation during data transfer operations, 
bus arbitration, bus error and halt conditions, and reset operation. 


4.2.1 Data Transfer Operations 


Transfer of data between devices involves the following leads: 
@ Address bus AO through A19 
@ Data bus DO through D7 
@ Control signals 


The address and data buses are separate non-multiplexed parallel buses. Data transfer is accom- 
plished with an asynchronous bus Structure that uses handshakes to ensure the correct movement 
of data. In all cycles, the bus master assumes responsibility for deskewing all signals it issues at both 
the start and end of a cycle. In addition, the bus master is responsible for deskewing the 
acknowledge and data signals from the slave device. 


The following paragraphs explain the read, write, and read-modify-write cycles. The indivisible 
read-modify-write cycle is the method used by the TS68008 for interlocked multiprocessor 
communications. 


NOTE 
The terms assertion and negation will be used extensively. This is done to avoid con- 
fusion when dealing with a mixture of ‘‘active-low”’ and ‘‘active-high’’ signals. The 
term assert or assertion ts used to indicate that a signal is active or true independent 
of whether that voltage is low or high. The term negate or negation is used to indi- 
cate that a Signal Is inactive or false. 


4.2.1.1 READ CYCLE. During a read cycle, the processor receives data from the memory or a 
peripheral device. The processor reads bytes of data in all cases. If the instruction specifies a word 
(or double word) operation, the processor reads both bytes. When the instruction specifies byte 
operation, the processor uses AQ to determine which byte to read and then issues data strobe. 


A word read cycle flowchart is given in Figure 4-3. A byte read cycle flowchart is given in Figure 4-4. 
Read cycle timing is given in Figure 4-5. Figure 4-6 details words and byte read cycle operations. 


4.2.1.2 WRITE CYCLE. During a write cycle, the processor sends data to either the memory or a 
peripheral device. The processor writes bytes of data in all cases. If the instruction specifies a word 
operation, the processor writes both bytes. When the instruction specifies a byte operation, the 
processor uses AO to determine which byte to write and then issues the data strobe. A word write 
cycle flowchart is given in Figure 4-7. A byte write cycle flowchart is given in Figure 4-8. Write cycle 
timing is given in Figure 4-5. Figure 4-9 details word and byte write cycle operation. 


4.2.1.3 READ-MODIFY-WRITE CYCLE. The read-modify-write cycle performs a byte read, 
modifies the data in the arithmetic-logic unit, and writes the data back to the same address. In the 
TS68008, this cycle is indivisible in that the address strobe is asserted throughout the entire cycle. 
The test and set (TAS) instruction uses this cycle to provide meaningful communication between 
processors in a multiple processor environment. This instruction is the only instruction that uses the 
read-modify-write cycle and since the test and Set instruction only operates on bytes, all read- 
modify-write cycles are byte operations. A read-modify-write cycle flowchart is given in Figure 4-10 
and a timing diagram is given in Figure 4-11. 
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BUS MASTER SLAVE 


Address the Device 








1) Set R/W to Read 
2) Place Address on A1-A19 

3) Set AO=0 

4) Place Function Code on FCO-FC2 
5) Assert Address Strobe (AS) 

6) Assert Data Strobe (DS) 


Present the Data 


1) Decode Address 
2) Place Data on DO-D7 
3) Assert Data Transfer Acknowledge 






Acquire the Data 


1) Latch Data 
2) Negate DS 
3) Negate AS 





Terminate the Cycle 







1) Remove Data from DO-D7 
2) Negate DTACK 


Read Second Byte 


1) Set R/W to Read 

2) Place Address on A1-A19 

3) Set AO=1 

4) Place Function Code on —CO-FC2 
5) Assert Address Strobe (AS) 

6) Assert Data Strobe (DS) 


Present the Data 


1) Decode Address 
2) Place Data on DO-07 
3) Assert Data Transfer Acknowledge 





Acquire the Data 


1) Latch Data 
2) Negate DS 
3) Negate AS 





Terminate the Cycle 


1) Remove Data from DO-D7 
2) Negate DTACK 





Start Next Cycle 


Figure 4-3. Word Read Cycle Flowchart 
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BUS MASTER 


Address the Device | 








1) Set R/W to Read 
2) Place Address on AO-A19 

3) Place Function Code on FCO-FC2 
4) Assert Address Strobe (AS) 

5) Assert Data Strobe (DS) 


Acquire the Data 


1) Latch Data 
2) Negate DS 
3) Negate AS 





Start Next Cycle 


SLAVE 


[Peseta ate 


1) Decode Address 
2) Place Data on DO-D7 
3) Assert Data Transfer Acknowledge 





Terminate the Cycie 


1) Remove Data from D0-D7 
2) Negate OTACK 










Figure 4-4. Byte Read Cycle Flowchart 


SO $1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 $7 SO $1 S2 S3 S4 w ow w w S5 S6 S7 


CLK 





{g@__———-_ Read — +>}. Write —_—»|<_____—_— Slow Read —---_——-»| 


Figure 4-5. Read and Write Cycle Timing Diagram 
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SO S1 $2 S3 S4 S5 S6 S7 SO S1 $2 $3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO 
CLK 


aD = ED 








DTACK \ / \ / \ / 
i aS a CD 


Word Read 


High Byte ——>+<___— Low Byte Byte Read——> 


Figure 4-6. Word and Byte Read Cycie Timing 


4.2.2 Bus Arbitration 
Bus arbitration on the 52-pin version of the TS68008 is identical to that on the TS68000. 


Bus arbitration on the 48-pin version of the TS68008 has been modified from that on the TS68000. 
It is controlled by the same finite state machine as on the TS68000, but because the BGACK input 
signal is not bonded out to a pin and is, instead, permanently negated internally, the bus arbitration 
becomes a two-wire handshake circuit. Therefore, in reading the following paragraphs for a 
description of bus arbitration on the 48-pin version of the TS68008, the BGACK signal should be 
considered permanently negated. 


Bus arbitration is a technique used by master-type devices to request, be granted, and acknowledge 
bus mastership. In its simplest form, it consists of the following: | 
1. asserting a bus mastership request, 
2. receiving a grant that the bus is available at the end of the current cycle, and 
3. on the 52-pin version of the TS68008 only, acknowledging that mastership has been 
assumed. 
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BUS MASTER SLAVE 


Address the Device 


Place Address on Al-A19 
Set AO=0 
Place Function Code on FCO-FC2 


Assert Address Strobe (AS) 
Set R/W to Write 
Place Data on DO-D7 


Assert Data Strobe (DS) Accept the Data 





1) Decode Address 
2) Store Data on DO-D7 
3) Assert Data Transfer Acknowledge 


Terminate Output Transfer 


1) Negate DS 

2) Negate AS 

3) Remove Data from DO-D7 
4) Set R/W to Read 






Terminate the Cycle 


1) Negate DTACK 





Write Second Byte 


Place Address on A1-A19 

Set AO=1 

Place Function Code on FCO-FC2 
Assert Address Strobe (AS) 

Set R/W to Write 

Place Data on DO-D7 


Assert Data Strobe (DS) Accept the Data 


1) Decode Address 
2) Store Data on DO-D7 
3) Assert Data Transfer Acknowledge 








Terminate Output Transfer 


1) Negate OSs 
2) Negate AS 
3) Remove Data from DO-D7 


4) Set R/W to Read 





Terminate the Cycle 


1) Negate DTACK 


Start Next Cycle 


Figure 4-7. Word Write Cycle Flowchart 
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BUS MASTER 


Address the Device 


1) Place Address on AO-A19 
2) Place Function Code on FCO-FC2 
3) Assert Address Strobe (AS) 


4) Set R/W to Write 
5) Place Data on DO-D7 
6) Assert Data Strobe (655) 





Terminate Output Transfer 


1) Negate DS 

2) Negate AS 

3) Remove Data from DO-07 
4) Set R/W to Read 





Start Next Cycle 


Figure 4-8. Byte Write Cycle Flowchart 
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Accept the Data 


1) Decode Address 
2) Store Data on DO-D7 
3) Assert Data Transfer Acknowledge 





Terminate the Cycle 


1) Negate DTACK 
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Figure 4-9. Word and Byte Write Cycle Timing 
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BUS MASTER SLAVE 


Address the Device 


1) Place Address on AO-A19 
2) Set R/W to Read ax 
3) Assert Address Strobe (AS) 


4) Assert Data Strobe (DS? 





Present the Data 


1) Decode Address 
2) Place Data on DO-D7 
3) Assert Data Transfer Acknowledge 





Acquire the Data 


1) Latch Data 
2) Negate DS 
3) Start Data Modification 





Terminate the Cycle 


1) Remove Data from DO-D7 
2) Negate DTACK 





Start Output Transfer 


1) Set R/W to Write 
2) Place Modified Data on DO-D7 
3) Assert Data Strobe (DS) 





Accept the Data 


1) Store Data on DO-D7 
2) Assert Data Transfer Acknowledge 





Terminate Output Transfer 


1) Negate OS 
2) Negate AS 
3) Remove Data from DO-D7 


4) Set R/W to Read 





Terminate the Cycle 





1) Negate DTACK 


Start Next Cycle 


Figure 4-10. Read-Modify-Write Cycle Flowchart 
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Figure 4-11. Read-Modify-Write Cycle Timing 





Flowcharts showing the detail involved in a request from a single device are illustrated in Figure 4-12 
for the 48-pin version and Figure 4-13 for the 52-pin version. Timing diagrams for the same opera- 
tion are given in Figure 4-14 and Figure 4-15. This technique allows processing of bus requests dur- 
ing data transfer cycles. 


The timing diagram shows that the bus request is negated at the time that an acknowledge is 
asserted. This type of operation would be true for a system consisting of the processor and one 
device capable of bus mastership. In systems having a number of devices capable of bus master- 
ship, the bus request line from each device is wire ORed to the processor. In this system, it is easy 
to see that there could be more than one bus request being made. The timing diagram shows that 
the bus grant signal is negated a few clock cycles after the transition of the acknowledge (BGACK) 
signal. 


However, if the bus requests are still pending, the processor will assert another bus grant within a 
few clock cycles after it was negated. This additional assertion of bus grant allows external arbitra- 
tion circuitry to select the next bus master before the current bus master has completed its re- 
quirements. The following paragraphs provide additional information about the three steps in the 
arbitration process. 


4.2.2.1 REQUESTING THE BUS. External devices capable of becoming bus masters request the 
bus by asserting the bus request (BR) signal. This is a wire-ORed signal (although it need not be 
constructed from open-collector devices) that indicates to the processor that some external device 
requires control of the external bus. The processor is effectively at a lower bus priority level than the 
external device and will relinquish the bus after it has completed the last bus cycle it has started. 


On the 52-pin version, when no acknowledge is received before the bus request signa! goes inac- 


tive, the processor will continue processing when it detects that the bus request is inactive. This 
allows ordinary processing to continue if the arbitration circuitry responded to noise inadvertently. 
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PROCESSOR REQUESTING DEVICE 


Request the Bus 


1) Assert Bus Request (BR) 


Grant Bus Arbitration 


1) Assert Bus Grant (BG) 





Operate as Bus Master 


1) External Arbitration Determines 
Next Bus Master 

2) Next Bus Master Waits for Current 
Bus Cycle to Complete 


3) Perform Data Transfers (Read and 
Write Cycles) According to the 
Same Rules the Processor Uses 

4) Complete Last Bus Cycle 





Release Bus Mastership 


1) Negate Bus Request (BR) 





Acknowledge Release of Bus Mastership 


1) Negate Bus Grant (BG) 





Re-Arbitrate or Resume 
Processor Operation 


Figure 4-12. Bus Arbitration Cycle Flowchart for the 48-Pin Version 
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PROCESSOR 


Grant Bus Arbitration ! 


1) Assert Bus Grant (BG) 





Terminate Arbitration 


1) Negate BG (and Wait for BGACK to be 
Negated) 





Re-Arbitrate or Resume 
Processor Operation 


Figure 4-13. Bus Arbitration Cycle Flowchart for the 52-Pin Version 
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3) Next Bus Master Asserts Bus Grant 
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Figure 4-14. Bus Arbitration Timing for the 48-Pin Version 
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Figure 4-15. Bus Arbitration Timing for the 52-Pin Version 
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4.2.2.2 RECEIVING THE BUS GRANT. The processor asserts bus grant (BG) as soon as possible. 
Normally this is immediately after internal synchronization. The only exception to this occurs when 
the processor has made an internal decision to execute the next bus cycle but has not progressed 
far enough into the cycle to have asserted the address strobe (AS) signal. In this case, bus grant will 
be delayed until AS is asserted to indicate to external devices that a bus cycle is being executed. 


The bus grant signal may be routed through a daisy-chained network or through a specific priority- 
encoded network. The processor is not affected by the external method of arbitration as long as the 
protocol is obeyed. 


4.2.2.3 ACKNOWLEDGEMENT OF MASTERSHIP (52-PIN VERSION OF TS68008 ONLY). Upon 
receiving a bus grant, the requesting device waits until address strobe, data transfer acknowledge, 
and bus grant acknowledge are negated before issuing its own BGACK. The negation of the ad- 
dress strobe indicates that the previous master has completed its cycle; the negation of bus grant 
acknowledge indicates that the previous master has released the bus. (While address strobe !s 
asserted, no device Is allowed to ‘‘break into’’ a cycle.) The negation of data transfer acknowledge 
indicates the previous slave has terminated its connection to the previous master. Note that in some 
applications data transfer acknowledge might not enter into this function. General purpose devices 
would then be connected such that they were only dependent on address strobe. When bus grant 
acknowledge is issued, the device is a bus master until it negates bus grant acknowledge. Bus grant 
acknowledge should not be negated until after the bus cycle(s) is (are) completed. Bus mastership 
is terminated at the negation of bus grant acknowledge. 


The bus request from the granted device should be dropped after bus grant acknowledge !s 
asserted. If a bus request is still pending, another bus grant will be asserted within a few clocks of 
the negation of the bus grant. Refer to 4.2.3 Bus Arbitration Control Unit. Note that the processor 
does not perform any external bus cycles before it re-asserts bus grant. 


4.2.3 Bus Arbitration Control 


The bus arbitration control unit in the TS68008 is implemented with a finite state machine. A state 
diagram of this machine is shown in Figure 4-16 for both pin versions of the TS68008. All asyn- 
chronous signals to the TS68008 are synchronized before being used internally. This synchroniza- 
tion is accomplished in a maximum of one cycle of the system clock, assuming that the asyn- 
chronous input setup time (#47) has been met (see Figure 4-17). The input signal is sampled on the 
falling edge of the clock and is valid internally after the next falling edge. 


As shown in Figure 4-16, input signals labeled R and A are internally synchronized on the bus re- 
quest and bus grant acknowledge pins respectively. The bus grant output is labeled G and the inter- 
nal three-state control signal T. If T is true, the address, data, and control buses are placed in a 
high-impedance state when AS is negated. All signals are shown in positive logic (active high) 
regardless of their true active voltage level. State changes (valid outputs) occur on the next rising 
edge after the internal signal is valid. 
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(a) State Diagram for the 48-Pin Version of TS68008 


R 


R 


(b) State Diagram for the 52-Pin Version of TS68008 


NOTES: 





R = Bus Request Internal 1. State machine will not change if the bus 
A= Bus Grant Acknowledge Internal RA is SO or S1. Refer to 4.2.3 Bus 

G = Bus Grant Arbitration Contol. 

T = Three-State Control to 2. The address bus will be placed in the high- 


Bus Control Logic? impedance state if T is asserted and AS 
X = Don’t Care is negated. 


Figure 4-16. TS68008 Bus Arbitration Unit State Diagram 
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Figure 4-17. Timing Relationship of External Asynchronous Inputs to Internal Signals 


A timing diagram of the bus arbitration sequence during a processor bus cycle is shown in Figure 
4-18. The bus arbitration sequence while the bus is inactive (i.e., executing internal operations such 
as a multiply instruction) is shown in Figure 4-19. 
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Figure. 4-18. Bus Arbitration Timing Diagram— Processor Active 


3-134 


Bus Released from Three State and Processor Starts Next Bus Cvee 
BGACK Negated | 


BG Asserted and Bus Three Stated 
BR Valid Internal 
BR Sampled 


BR na 


S034 °S2: -S3.-S4: -S9--S6- 57 SO Si S2 $3 $4 





CLK 





BR 





BG 
BGACK \ / 


FCO-FC2 








A1-A23 











FA? Semarang ee 


DTACK Se he eS 


~<«——-_ Processor —_———_>}+4— Bus Inactive —>}<+¢—___— Alternate Bus Master ——~———>at- Processor > 


Figure 4-19. Bus Arbitration Timing Diagram— Bus Inactive 


If a bus request is made at a time when the MPU has already begun as bus cycle but AS has not 
been asserted (bus state SO), BG will not be asserted on the next rising edge. Instead, BG will be 
delayed until the second rising edge following its internal assertion. This sequence is shown tn 
Figure 4-20. 


4.2.4 Bus Error and Halt Operation 


In a bus architecture that requires a handshake from an external device, the possibility exists that 
the handshake might not occur. Since different systems will require a different maximum response 
time, a bus error input is provided. External circuitry must be used to determine the duration 
between address strobe and data transfer acknowledge before issuing a bus error signal. When a 
bus error signal is received, the processor has two options: initiate a bus error exception sequence 
or try running the bus cycle again. 
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Figure 4-20. Bus Arbitration Timing Diagram— Special Case 


4.2.4.1 EXCEPTION SEQUENCE. When the bus error signal is asserted, the current bus cycle is ter- 
minated. AS will be negated 2.5 clock periods after BERR is recognized. See 4.4 ASYN- 
CHRONOUS VERSUS SYNCHRONOUS OPERATION for more information. As long as BERR re- 
mains asserted, the data and address buses will be in the high-impedance state. When BERR is 
negated, the processor will begin stacking for exception processing. The sequence is composed of 
the following elements: 

1. Stacking the program counter and status register. 

2. Stacking the error. information. 

3. Reading the bus error vector table entry. 

4. Executing the bus error handler routine. 


The stacking of the program counter and the status register is the same as if an interrupt had occur- 
red. Several additional items are stacked when a bus error occurs. These items are used to deter- 
mine the nature of the error and correct it, if possible. The processor loads the new program 
counter from the bus error vector. A software bus error handler routine is then executed by the pro- 
cessor. Refer to 5.2 EXCEPTION PROCESSING for additional information. 
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4.2.4.2 RE-RUNNING THE BUS CYCLE. When the processor receives a bus error signal during a 
bus cycle and the HALT pin is being driven by an external device, the processor enters the re-run Se- 
quence. Figure 4-21 is a timing diagram for re-running the bus cycle. 


The processor terminates the bus cycle, then puts the address and data output lines in the high- 
impedance state. The processor remains ‘‘halted,’’ and will not run another bus cycle until the halt 
signal is removed by external logic. Then the processor will re-run the previous cycle using the same 
function codes, the same data (for a write operation), and the same controls. The bus error signal 
should be removed at least one clock cycle before the halt signal is removed. 


NOTE 
The processor will not re-run a read-modify-write cycle. This restriction is made to 
guarantee that the entire cycle runs correctly and that the write operation of a test- 
and-set operation is performed without ever releasing AS. If BERR and HALT are 
asserted during a read-modify-write bus cycle, a bus error operation results. 








4.2.4.3 HALT OPERATION WITH NO BUS ERROR. The halt input signal to the TS68008 performs 
a halt/run/single-step function in a similar fashion to the 6800 halt function. The halt and run 
modes are somewhat self explanatory in that when the halt signal is constantly active the processor 
‘halts’ (does nothing) and:when the halt signal is constantly inactive the processor “‘runs’’ (does 
something). HALT operation timing is shown In Figure 4-22. 
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Figure 4-21. Re-Run Bus Cycle Timing Information 
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Figure 4-22. HALT Operation Timing Diagram 


The single-step mode is derived from correctly timed transitions on the halt signal input. It forces 
the processor to execute a single bus cycle by entering the ‘‘run’’ mode until the processor Starts a 
bus cycle then changing to the ‘‘halt'’ mode. Thus, the single-step mode allows the user to proceed 
through (and therefore debug) processsor operations one bus cycle at a time. 


Figure 4-23 details the timing required for correct single-step operations. Some care must be exer- 
cised to avoid harmful interactions between the bus error signal and the HALT pin when using the 
single-cycle mode as a debugging tool. This is also true of interactions between the halt and reset 
lines since these can reset the machine (see 4.2.4 Reset Operation). 


When the processor completes a bus cycle after recognizing that the halt signal is active, the 
address and data bus signals are put in the high-impedance state. 


While the processor is honoring the halt request, bus arbitration performs as usual. That is, halting 
has no effect on bus arbitration. It is the bus arbitration function that removes (i.e., three-states) 
the control signals from the bus. 


The halt function and the hardware trace capability allow the hardware debugger to trace single bus 


cycles or single instructions at a time. These processor capabilities, along with a software debug- 
ging package, give total debugging flexibility. 
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Figure 4-23. HALT Signal Single-Step Operation Timing Characteristics 


4.2.4.4 DOUBLE BUS FAULTS. When a bus error exception occurs, the processor will attempt to 
Stack several words containing information about the state of the machine. If a bus error exception 
occurs during the stacking operation, there have been two bus errors in a row. This is commonly 
referred to as a double bus fault. When a double bus fault occurs, the processor will halt. Once a 
bus error exception has occurred, any bus error exception occurring before the execution of the 
next instruction constitutes a double bus fault. Figure 4-24 is a diagram of the bus error timing. 


Note that a bus cycle which is re-run does not constitute a bus error exception, and does not contri- 
bute to a double bus fault. Note also that this means that as long as the external hardware requests 
it, the processor will continue to re-run the same bus cycle. 


The bus error pin also has an effect on processor operation after the processor receives an external 
reset input. The processor reads the vector table after a reset to determine the address to Start pro- 
gram execution. If a bus error occurs while reading the vector table (or at any time before the first 
Instruction Is executed), the processor reacts as if a double bus fault has occurred and it halts. Only 
an external reset will Start a halted processor. 


4.2.5 Reset Operation 


The reset signal is a bidirectional signal that allows either the processor or an external signal to reset 
the system. Figure 4-25 1s a timing diagram for processor generated reset operation. 
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Figure 4-24. Bus Error Timing Diagram 
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Figure 4-25. Reset Operation Timing Diagram 
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When the reset and halt lines are driven it is recognized as an entire system reset, including the pro- 
cessor. For an external reset, both the HALT and RESET lines must be asserted to ensure total reset 
of the processor. Timing diagram for system reset is shown in Figure 4-26 The processor responds 
by reading the reset vector table entry (vector number zero, address $O00000) and loads It into the 
supervisor Stack pointer (SSP). Vector table entry number one at address $000004 is read next and 
loaded into the program counter. The processor initializes the Status register to an interrupt level of 
seven. No other registers are affected by the reset Sequence. 


When a reset instruction is executed, the processor drives the reset pin for 124 clock periods In this 
case, the processor is trying to reset the rest of the system. Therefore, there is no effect on the 
internal state of the processor. All of the processor's internal registers and the status register are 
unaffected by the execution of a reset instruction. All external devices connected to the reset line 
will be reset at the completion of the reset instruction. 


Asserting the reset and halt lines for 10 clock cycles will cause a processor reset, except when VCC 
iS initially applied to the processor. In this case, an external reset must be applied for at least 100 
milliseconds allowing stabilization of the on-chip circuitry and system clock. 
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Figure 4-26. System Reset Timing Diagram 


4.3 THE RELATIONSHIP OF DTACK, BERR, AND HALT 


In order to properly control termination of a bus cycle for a re-run or a bus error condition, OTACK, 
BERR, and HALT should be asserted and negated on the rising edge of the TS68008 clock. This 
will assure that when two signals are asserted simultaneously, the required setup time (#47) for both 
of them will be met during the same bus State. 


This, or some equivalent precaution, should be designed external to the TS68008. Parameter #48 is 


intended to ensure this operation in a totally asynchronous system, and may be ignored if the above 
conditions are met. 
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The preferred bus cycle terminations may be summarized as follows (case numoerS refer to 
Table 4-4): 


Normal Termination: DTACK occurs first (case 1). 
Halt Termination: HALT is asserted at same time, or precedes DTACK (no BERR) cases 2 
and 3. 


Bus Error Termination: BERR is asserted in‘lieu of, at same time, or preceding DTACK (Case 
4); BERR negated at same time, or after DIACK. 

Re-Run Termination: HALT and BERR asserted at the same time, or before DIACK (cases 5 
and 6); HALT must be held at least one cycle after BERR. 














Table 4-4 details the resulting bus cycle termination under various combinations of control signal se- 
quences. The negation of these same control signals under several conditions is shown in Table 4-5 
(DTACK is assumed to be negated normally in all cases; for correct results, both DTACK and BERR 
should be negated when address strobe !s negated). 








EXAMPLE A. 


A system uses a watch-dog timer to terminate accesses to unpopulated address space. 
The timer asserts DTACK and BERR simultaneously after time out (case 4). 


EXAMPLE B: 
A system uses error detection on RAM contents. Designer may (a) delay DTACK until 
data verified, and return BERR and HALT simultaneously to re-run error cycle (case 5), or 
if valid, return DTACK: (b) delay OTACK until data verified, and return BERR at same time 
as DTACK if data in error (case 4); (c) return DTACK prior to data verification, as 
described in previous section. If data invalid, BERR is asserted (case 1) in next cycle. 
Error-handling software must know how to recover error cycle. 




















4.4 ASYNCHRONOUS VERSUS SYNCHRONOUS OPERATION 


4.4.1 Asynchronous Operation 


To achieve clock frequency independence at a system level, the TS68008 can be used in an asyn- 
chronous manner. This entails using only the bus handshake lines (AS, DS, DTACK, BERR, HALT, 
and VPA) to control the data transfer. Using this method, AS signals the start of a bus cycle and the 
data strobes are used as a condition for valid data on a write cycle. The slave device (memory or 
peripheral) then responds by placing the requested data on the data bus for a read cycle or latching 
data on a write cycle and asserting the data transfer acknowledge signal (OTACK) to terminate the 
bus cycle. If no slave responds or the access is invalid, external control logic asserts the BERR, or 
BERR and HALT signal to abort or rerun the bus cycle. 





The DTACK signal is allowed to be asserted before the data from a slave device is valid on a read 
cycle. The length of time that DTACK may precede data is given as parameter #31 and it must be 
met in any asynchronous system to insure that valid data is latched into the processor. Notice that 
there is No maximum time specified from the assertion of AS to the assertion of DTACK. This is 
because the MPU will insert wait cycles of one clock period each until DTACK is recognized. 
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Table 4-4. DTACK, BERR, and HALT Assertion Results 


Asserted on Rising 
Control | Edge of State 
Signal |" NTN 


S Normal cycle terminate and continue 


Normal cycle terminate and halt. Continue 
when HALT removed. 


Normal cycle terminate and halt Continue 
when HALT removed 
Terminate and re-run. 


Terminate and re-run. 


Terminate and re-run when HALT removed. 





Legend: 
N — the number of the current even bus state (e.g., S4, S6, etc.) 
A — Signal is asserted in this bus state 
NA — signal is not’ asserted in this state 
X — don’t care 
S — signal was asserted in previous State and remains asserted in this state 





Table 4-5. BERR and HALT Negation Results 
Conditions of 


Negated on Rising 
Termination in a of State 


Table 4-4 | N N+#2] + | N N+#2] Results — Next Cycle 


BERR e Takes bus error trap 
Bus Error 
me: HALT a 
R BERR ® e Illegal sequence, usually traps to 
e-run 
= e vector number O 
e-run 
Normal 
none} be terminated as a bus error 


© = Signal is negated in this bus state 
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4.4.2 Synchronous Operation 


To allow for those systems which use the system clock as a signal to generate DTACK and other 
asynchronous inputs, the asynchronous input setup time is given as parameter #47. if this setup is 
met on an input, such as DTACK, the processor is guaranteed to recognize that signal on the next 
falling edge of the system clock. However, the converse is not true—if the input signal does not 
meet the setup time it is not guaranteed not to be recognized. In addition, if OTACK is recognized 
on a falling edge, valid data will be latched into the processor (on a read cycle) on the next falling 
edge provided that the data meets the setup time given as parameter #27. Given this, parameter #31 
may be ignored. Note that if DTACK is asserted, with the required setup time, before the falling 
edge of S4, no wait states will be incurred and the bus cycle will run at its maximum speed of four 
clock periods. 


NOTE 


During an active bus cycle, VPA and BERR are sampled on every falling edge of the clock 
Starting with SO. DTACK is sampled on every falling edge of the clock starting with S4 
and data is latched on the falling edge of S6 during a read. The bus cycle will then be ter- 
minated in S7 except when BERR is asserted in the absence of DTACK, in which case it 
will terminate one clock cycle later in S9. 





3-144 


SECTION 5 
PROCESSING STATES 


This section describes the actions of the TS68008 which are outside the normal processing asso- 
ciated with the execution of instructions. The functions of the bits in the supervisor portion of the 
Status register are covered: the supervisor/user bit, the trace enable bit, and the processor interrupt 
priority mask. Finally, the sequence of memory references and actions taken by the processor on 
exception conditions is detailed. 


The TS68008 is always in one of three processing states: normal, exception, or halted. The normal 
processing State is that associated with instruction execution; the memory references are to fetch 
instructions and operands, and to store results. A special case of the normal state is the stopped 
state which the processor enters when a STOP instruction is executed. In this state, no further 
memory references are made. 


The exception processing State is associated with interrupts, trap instructions, tracing, and other 
exceptional conditions. The exception may be internally generated by an instruction or by an 
unusual condition arising during the execution of an instruction. Externally, exception processing 
can be forced by an interrupt, by a bus error, or by a reset. Exception processing is designed to pro- 
vide an efficient context switch so that the processor may handle unusual conditions. 


The halted processing state is an indication of catastrophic hardware failure. For example, if during 
the exception processing of a bus error another bus error occurs, the processor assumes that the 
system is unusable and halts. Only an external reset can restart a halted processor. Note that a pro- 
cessor in the stopped state is not in the halted state, nor vice versa. 


5.1 PRIVILEGE STATES 


The processor operates in one of two States of privilege: the ‘‘user’’ state or the ‘‘Supervisor’ state. 
The privilege state determines which operations are legal, is used by the external memory manage- 
ment device to control and translate accesses, and is used to choose between the supervisor stack 
pointer and the user stack pointer in instruction references. 


The privilege state is a mechanism for providing security in a computer system. Programs should 
access only their own code and data ‘areas, and ought to be restricted from accessing information 
which they do not need and must not modify. 


The privilege mechanism provides security by allowing most programs to execute in user State. In 
this state, the accesses are controlled, and the effects on other parts of the system are limited. The 
operating system executes in the supervisor state, has access to all resources, and performs the 
overhead tasks for the user state programs. 
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5.1.1 Supervisor State 


The supervisor state is the higher state of privilege. For instruction execution, the supervisor state Is 
determined by the S bit of the status register; if the S bit is asserted (high) or exception processing 
is invoked, the processor is in the supervisor state. All instructions can be executed in the supervisor 
state. The bus cycles generated by instructions executed in the supervisor state are classified as 
supervisor references. While the processor is in the supervisor privilege state, those instructions 
which use either the system stack pointer implicitly or address register seven explicitly access the 
supervisor Stack pointer. 


5.1.2 User State 


The user state is the lower state of privilege and is controlled by the S bit of the status register. If the 
S bit is negated (low), the processor is executing instructions in the user state. The bus cycles 
generated by an instruction executed in the user state are classified as user state references. This 
allows an external memory management device to translate the address and to coMtrol access to 
protected portions of the address space. While the processor is in the user privilege state, those in- 
structions which use either the system stack pointer implicitly, or address register seven explicitly, 
access the user stack pointer. 


Most instructions execute the same in user state as in the supervisor state. However, some instruc- 
tions which have important system effects are made privileged. User programs are not permitted to 
execute the STOP instruction, or the RESET instruction. To ensure that a user program cannot 
enter the supervisor state except in a controlled manner, the instructions which modify the whole. 
Status register are privileged. To aid in debugging programs which are to be used as operating 
systems, the move to user stack pointer (MOVE USP) and move from user stack pointer (MOVE 
from USP) instructions are also privileged. 


5.1.3 Privilege State Changes 


Once the processor is in the user state and executing instructions, only exception processing can 
change the privilege state. During exception processing, the current setting of the S bit of the 
Status register is saved and the S bit is asserted, putting the processor in the supervisor state. 
Therefore, when instruction execution resumes at the address specified to process the exception, 
the processor is in the supervisor privilege State. 


5.1.4 Reference Classification 


When the processor makes a reference, it classifies the kind of reference being made, using the en- 
coding on the three function code output lines. This allows external translation of addresses, con- 
trol of access, and differentiation of special processor states, Such as interrupt acknowledge. Table 
O-1 lists the classification of references. 


5.2 EXCEPTION PROCESSING 


Before discussing the details of interrupts, traps, and tracing, a general description of exception 
processing Is in order. The processing of an exception occurs in four steps, with variations for dif- 
ferent exception causes. During the first step, a temporary copy of the status register is made, and 
the status register is set for exception processing. In the second step the exception vector is deter- 
mined, and the third step is the saving of the current processor context. In the fourth step a new 
context is obtained, and the processor switches to instruction processing. 
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Table 5-1. Reference Classification 


io CS 














Reference Class 


User Program 











(Unassigned) 


a ee Nata 











Supernisor Program 
Interrupt Acknowledge 






5.2.1 Exception Vectors 


Exception vectors are memory locations from which the processor fetches the address of a routine 
which will handle that exception. All exception vectors are two words in length (Figure 5-1), except 
for the reset vector, which is four words. All exception vectors lie in the Supervisor data Space, ex- 
cept for the reset vector which is in the supervisor program space. A vector number is an 8-bit 
number which, when multiplied by four, gives the address of an exception vector. Vector numbers 
are generated internally or externally, depending on the cause of the exception. In the case of vec- 
tored interrupts, during the interrupt acknowledge bus cycle, a peripheral provides an 8-bit vector 
number (Figure 5-2) to the processor on data bus lines DO through D7. The processor translates the 
vector number into a full 32-bit address, as shown in Figure 5-3. The memory layout for exception 


vectors is given in Table 5-2. 


A31 


pial sleiate la 


<31:24> 






Word 0 | New Program Counter (MSWord) 


(ByteO) }A1=0, AO=0 


<23.16> (Byte 1) |} A1l=0, AO= 





<198> (Byte 2) | Al= 


Word 1 | New Program Counter (LSWord) 


<70> 





Figure 5-1. Format of Vector Table Entries 


D? 


DO 
v7 [6 | v6 | vs | v3 | v2 | vt | wo | 


Where. v7 is the MSB of the Vector Number 
v0 is the LSB of the Vector Number 


Figure 5-2. Vector Number Format 


A1O0 AQ A8 


(Byte 3) |} Al=1, 


Figure 5-3. Vector Number Translated to an Address 
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Table 5-2. Vector Table 


_ Assignment 
ma] oes 


[01080 egal Instruction 
Toi [S| Zero Divide 
C018 














Be CHK Instruction 
O1C TRAPV Instruction 






T a0 | so | Privilege Violation 

024 
020 [$0 
[034 [SO] _(rassigned, Reserved) _| 













Spurious Interrupt 


| 064 | SD | Level 1 Interrupt Autovector 
| 068 | SD | Level 2 interrupt Autovector 












28 070” [-SD_| Lever 4 Interrupt Autovector 
[29 [are [074 
a0 [120 [078 [so [ Lever 6 interrupt Autovector 
[ar 124 [076 [Sb] Level 7 interrupt Autovector — 

Psd [TRAP Instruction Vectors 
food 
Ea 


User Interrupt Vectors 


*Vector numbers 12, 13, 14, 16 through 23, and 48 
through 63 are reserved for future enhancements by 
THOMSON SEMICONDUCTEURS. No user peripheral 
devices should be assigned these numbers. 





As shown in Table 5-2, the memory layout is 512 words long.(1024 bytes). It starts at address 0 and 
proceeds through address 1023. This provides 255 unique vectors; some of these are reserved for 
TRAPS and other system functions. Of the 255, there are 192 reserved for user interrupt vectors. 
However, there is no protection on the first 64 entries, so user interrupt vectors may overlap at the 
discretion of the systems designer. 


5.2.2 Kinds of Exceptions 


Exceptions can be generated by either internal or external causes. The externally generated excep- 
tions are the interrupts and the bus error and reset requests. The interrupts are requests from 
peripheral devices for processor action while the bus error and reset inputs are used for access con- 
trol and processor restart. The internally generated exceptions come from instructions, or from 
address errors or tracing. The trap (TRAP), trap on overflow (TRAPV), check register against 
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bounds (CHK), and divide (DIV) instructions all can generate exceptions as part of their instruction 
execution. !n addition, illegal instructions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, internally generated interrupt after each 
instruction execution. 


5.2.3 Exception Processing Sequence 


Exception processing occurs in four identifiable steps. In the first step, an internal copy is made of 
the status register. After the copy is made, the S bit is asserted, putting the processor into the 
supervisor privilege state. Also, the T bit is negated which will allow the exception handler to ex- 
ecute unhindered by tracing. For the reset and interrupt exceptions, the interrupt priority mask is 
also updated. 


In the second step, the vector number of the exception is determined. For interrupts, the vector 
number is obtained by a processor fetch, classified as an interrupt acknowledge. For all other ex- 
ceptions, internal logic provides the vector number. This vector number is then used to generate the 
address of the exception vector. 


The third step is to save the current processor status, except for the reset exception. The current 
program counter value and the saved copy of the status register are stacked using the supervisor 
stack pointer. The program counter value stacked usually points to the next unexecuted instruction, 
however, for bus error-and address error, the value stacked for the program counter is unpredict- 
able, and may be incremented from the address of the instruction which caused the error. Addi- 
tional information defining the current context is stacked for the bus error and address error excep- 
tions. 


The last step is the same for all exceptions. The new program counter value is fetched from the ex- 
ception vector. The processor then resumes instruction execution. The instruction at the address 
given in the exception vector is fetched, and normal instruction decoding and execution is started. 


5.2.4 Multiple Exceptions 


These paragraphs describe the processing which occurs when multiple exceptions arise 
simultaneously. Exceptions can be grouped according to their occurrence and priority. The group O 
exceptions are reset, address error, and bus error. These exceptions cause the instruction currently 
being executed to be aborted, and the exception processing to commence within two clock cycles. 


The group 1 exceptions are trace and interrupt, as well as the privilege violations and illegal instruc- 
tions. The trace and interrupt exceptions allow the current instruction to execute to completion, but 
pre-empt the execution of the next instruction by forcing exception processing to occur (privilege 
violations and illegal instructions are detected when they are the next instruction to be executed). 
The group 2 exceptions occur as part of the normal processing of instructions. The TRAP, TRAPV, 

CHK, and zero divide exceptions are in this group. For these exceptions, the normal execution of an 
instruction may lead to exception processing. 


Group 0 exceptions have highest priority, while group 2 exceptions have lowest priority. Within 
group QO, reset has highest priority, followed by address error and then bus error. Within group 1, 
trace has priority over external interrupts, which in turn takes priority over illegal instruction and 
privilege violation. Since only one instruction can be executed at a time, there is no priority relation 
within group 2. 
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The priority relation between two exceptions determines which Is taken, or taken first, if the condi- 
tions for both arise simultaneously. Therefore, if a bus error occurs during a TRAP instruction, the 
bus error takes precedence, and the TRAP instruction processing is aborted. In another example, if 
an interrupt request occurs during the execution of an instruction while the T bit is asserted, the 
trace exception has priority, and is processed first. Before instruction processing resumes, 
however, the interrupt exception is also processed, and instruction processing commences finally in 
the interrupt handler routine. A surmmary of exception grouping and priority is given in Table 5-3., 


Table 5-3. Exception Grouping and Priority 


| «Processing 


ezrin Exception processing begins 
Address Error within two clock cycles 
Bus Error 


Trace Exception processing begins before 


Interrupt the next instruction 
Illegal 
Privilege 


TRAP, TRAPV, Exception processing !s started by 
2 CHK, normal instruction execution 
Zero Divide 


5.3 EXCEPTION PROCESSING DETAILED DISCUSSION 


Exceptions have a number of sources, and each exception has processing which is peculiar to it. 
The following paragraphs detail the sources of exceptions, how each arises, and how each Is 
processed. 





5.3.1 Reset 


The reset input provides the highest exception level. The processing of the reset signal is designed 
for system initiation, and recovery from catastrophic failure. Any processing in progress at the time 
of the reset is aborted and cannot be recovered. The processor is forced into the supervisor state, 
and the trace state is forced off. The processor interrupt priority mask is set at level seven. The vec- 
tor number is internally generated to reference the reset exception vector at location O in the super- 
visor program space. Because no assumptions can be made about the validity of register contents, 
in particular the Supervisor stack pointer, neither the program counter nor the status register Is 
saved. The address contained in the first two words of the reset exception vector is fetched as the 
initial supervisor stack pointer, and the address in the last two words of the reset exception vector is 
fetched as the initial program counter. Finally, instruction execution is started at the address tn the 
program counter. The power-up/restart code should be pointed to by the initial program counter. 


The reset instruction does not cause loading of the reset vector, but does assert the reset line to 
reset external devices. This allows the software to reset the system to a known State and then con- 
tinue processing with the next instruction. 


5.3.2 Interrupts 


Seven levels of interrupts are provided by the 68000 architecture. The TS68008 supports three 
interrupt levels: two, five, and seven, level seven being the highest. Devices may be chained exter- 
nally within interrupt priority levels, allowing an unlimited number of peripheral devices to interrupt 
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the processor. The status register contains a 3-bit mask which indicates the current processor 
priority, and interrupts are inhibited for all priority levels less than or equal to the current processor 
priority. 


An interrupt request is made to the processor by encoding the interrupt request level on the inter- 
rupt request lines; a zero indicates no interrupt request. Interrupt requests arriving at the processor 
do not force immediate exception processing, but are made pending. Pending interrupts are 
detected between instruction executions. If the priority of the pending interrupt is lower than or 
equal to the current processor priority, execution continues with the next instruction and the inter- 
rupt exception processing is postponed. (The recognition of level seven is slightly different, as ex- 
plained in the following paragraph. ) 


If the priority of the pending interrupt is greater than the current processor priority, the exception 
processing sequence is started. First a copy of the status register is saved, and the privilege state is 
Set to Supervisor, tracing is Suppressed, and the processor priority level is set to the level of the 
interrupt being acknowledged. The processor fetches the vector number from the interrupting 
device, classifying the reference as an interrupt acknowledge and displaying the level number of the 
interrupt being acknowledged on the address bus. If external logic requests an automatic vectoring, 
the processor internally generates a vector number which is determined by the interrupt level 
number. If external logic indicates a bus error, the interrupt is taken to be Spurious, and the 
generated vector number references the spurious interrupt vector. The processor then proceeds 
with the usual exception processing, saving the program counter and status register on the super- 
visor Stack. The saved value of the program counter is the address of the instruction which would 
have been executed had the interrupt not been present. The content of the interrupt vector whose 
vector number was previously obtained is fetched and loaded into the program counter, and normal 
instruction execution commences in the interrupt handling routine. A flowchart for the interrupt 
acknowledge sequence is given in Figure 5-4, a timing diagram is given in Figure 5-5, and the inter- 
rupt processing sequence is shown in Figure 5-6. 


PROCESSOR INTERRUPTING DEVICE 


Grant the Interrupt Request the Interrupt 


Compare Interrupt Level in Processor 
Status Register and Wait for 

Current Instruction to Complete 

Place Interrupt Level on Al, A2, and A3 
Drive AO, A4-A19 High 


Set R/W to Read ; 
Set Function Code to Interrupt Provide the Vector Number 


Acknowledge 
Assert Address Strobe (AS) 
Assert Data Strobe (DS) 


Acquire the Vector Number 


1) Latch Vector Number 
2) Negate DS 


1) Negate DTACK 


1) Place Vector Number on D0-D7 
2) Assert Data Transfer Acknowledge 









Start Interrupt Processing 


Figure 5-4. Vector Acquisition Flowchart 
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SO S1 S2 $3 S4 S5 S6 $7 SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 
CLK 


a, Se eee Ce aa, OE i 





IPLO-2 x 
Interrupt Vector 
|}~«——-S tack Operation——hee— Acquisition 2h 2k Operation—>| 


Figure 5-5. Interrupt Acknowledge Cycle 


1. Acquire vector number via interrupt acknowledge. 5. Read upper half of program counter (PC). Refer to Figure 4-3 

. Convert vector number to a full 32-bit address. for word read cycle operation. 

3. Stack the SR and PC by successive write cycles. Refer to 6. Increment vector table address by 2 and place it on AO-A19. 
Figure 4-7 for word write cycle operation. 7, Read lower half of program counter (PC). 

4. Place vector table address on AO-A19. Refer to Figure 5-3 for 8. Load-new program counter (PC). 

S) 

10 


RO 


address translation. . Place contents of PC on A0-A19. 
. Read first instruction of service routine. 


Figure 5-6. Interrupt Processing Sequence 


Priority level seven is a special case. Level seven interrupts cannot be inhibited by the interrupt 
priority mask, thus providing a ‘‘non-maskable interrupt’ capability. An interrupt is generated each 
time the interrupt request level changes from some lower level to level seven. Note that a level seven 
interrupt may still be caused by the level comparison if the request level is a seven and the processor 
priority is set to a lower level by an instruction. 


5.3.3 Uninitialized Interrupt 


An interrupting device asserts VPA or provides an interrupt vector during an interrupt acknowledge 
cycle to the TS68008. If the vector register of the peripheral has not been initialized, the responding 
68000 Family peripheral will provide vector 15 (SOF), the uninitialized interrupt vector. This pro- 
vides a uniform way to recover from a programming error. 
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5.3.4 Spurious Interrupt 


If during the interrupt acknowledge cycle no device responds by asserting DTACK or VPA, the bus 
error line should be asserted to terminate the vector acquisition. The processor Separates the pro- 
cessing of this error from bus error by fetching the spurious interrupt vector instead of the bus error 
vector. The processor then proceeds with the usual exception processing. 


5.3.5 Instruction Traps 


Traps are exceptions caused by instructions. They arise either from processor recognition of abnor- 
mal conditions during instruction execution. or from use of instructions whose normal behavior Is 
trapping. The TRAP instruction always forces an exception, and is useful for implementing system 
calls for user programs. The TRAPV and CHK instructions force an exception if the user program 
detects a runtime error, which may be an arithmetic overflow or a subscript out of bounds. The 
signed divide (DIVS) and unsigned divide (DIVU) instructions will force an exception if a division 
operation is attempted with a divisor of zero. 


5.3.6 Illegal and Unimplemented Instructions 


“Illegal instruction’”’ is the term used to refer to any of the word bit patterns which are not the bit 
pattern of the first word of a legal instruction. During instruction execution, if such an instruction is 
fetched, an illegal instruction exception occurs. THOMSON SEMICONDUCTEURS reserves the 
right to define instructions whose opcodes may be any of the illegal instructions. Three bit patterns 
will always force an illegal instruction trap on all 68000 Family compatible microprocessors. They 
are : S4AFA, S4AFB and $4AFC. Two of the patterns, S4AFA and S4AFB, are reserved for 
THOMSON SEMICONDUCTEURS system products. The third pattern, S4AFC, is reserved for cus- 
tomer use. 


Word patterns with bits 15 through 12 equaling 1010 or 1111 are distinguished as unimplemented in- 
structions and separate exception vectors are given to these patterns to permit efficient emulation. 
This facility allows the operating system to detect program errors, or to emulate unimplemented tn- 
Structions in software. 


5.3.7 Privilege Violations 


In order to provide system security, various instructions are privileged. An attempt to execute one 
of the privileged instructions while in the user state will cause an exception. The privileged instruc- 
tlons are: 


STOP AND Immediate to SR 
RESET EOR Immediate to SR 
RTE OR Immediate to SR 
MOVE to SR MOVE USP 

5.3.8 Tracing 


To aid in program development, the TS68008 includes a tacility to allow instruction-by-instruction 
tracing. In the trace state, after each instruction is executed an exception is forced, allowing a 
debugging program to monitor the execution of the program under test. 
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The trace facility uses the T bit in the supervisor portion of the status register. If the T bit is negated 
(off), tracing is disabled, and instruction execution proceeds from instruction to instruction as nor- 
mal. If the T bit is asserted (on) at the beginning of the execution of an instruction, a trace exception 
will be generated after the execution of that instruction is completed. If the instruction is not 
executed, either because an interrupt is taken, or the instruction is illegal or privileged, the trace 
exception does not occur. The trace exception also does not occur if the instruction is aborted by a 
reset, bus error, or address error exception. If the instruction is indeed executed and an interrupt Is 
pending on completion, the trace exception Is processed before the interrupt exception. If, during 
the execution of the instruction, an exception is forced by that instruction, the forced exception is 
processed before the trace exception. 


As an extreme illustration of the above rules, consider the arrival of an interrupt during the execu- 
tion of a TRAP instruction while tracing is enabled. First the trap exception is processed, then the 
trace exception, and finally the interrupt exception. Instruction execution resumes in the interrupt 
handler routine. 


5.3.9 Bus Error 


Bus error exceptions occur when the external logic requests that a bus error be processed by an 
exception. The current bus cycle which the processor is making is then aborted. Regardless of 
whether the processor was doing instruction or exception processing, that processing is termi- 
nated, and the processor immediately begins exception processing. 


Exception processing for bus error follows the usual sequence of steps. The status register is 
copied, the supervisor state is entered, and the trace state is turned off. The vector number is 
generated to refer to the bus error vector. Since the processor was not between instructions when 
the bus error exception request was made, the context of the processor is more detailed. To save 
more of this context, additional information is saved on the supervisor stack (refer to Figure 5-7). 
The program counter and the copy of the status register are of course saved. The value saved for 
the program counter is advanced by some amount, two to ten bytes beyond the address of the first 
word of the instruction which made the reference causing the bus error. If the bus error occurred 
during the fetch of the next instruction, the saved program counter has a value in the vicinity of the 
current instruction, even if the current instruction Is a branch, a jump, or a return instruction. 
Besides the usual information, the processor saves its internal copy of the first word of the instruc- 
tion being processed, and the address which was being accessed by the aborted bus cycle. Specific 
information about the access is also saved: whether it was a read or a write, whether the processor 
was processing an instruction or not, and the classification displayed on the function code outputs 
when the bus error occurred. The processor Is processing an instruction if it is in the normal state or 
processing a group 2 exception; the processor is not processing an instruction if it is processing a 
group O or a group 1 exception. Figure 5-7 illustrates how this information is organized on the super- 
visor stack. Although this information is not sufficient in general to effect full recovery from the bus 
error, it does allow software diagnosis. Finally, the processor commences instruction processing at 
the address contained in the vector. It is the responsibility of the error handler routine to clean up 
the stack and determine where to continue execution. 


If a bus error occurs during the exception processing for a bus error, address error, or reset, the pro- 
cessor is halted, and all processing ceases. This simplifies the detection of catastrophic system 
failure, since the processor removes itself from the system rather than destroy all memory contents. 
Only the RESET pin can restart a halted processor. 
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Lower Address | 


Instruction Register 


Status Register 


- Program Counter 





R/W (read/write): write = 0, read=1. I/N (instructicn/not): instruction=0, not=1 


Figure 5-7. Supervisor Stack Order (Group 0) 


5.3.10 Address Error 


Address error exceptions occur when the processor attempts to access a word or a long word 
operand or an instruction at an odd address. When the TS68008 detects an address error it 
prevents assertion of DS but asserts AS to provide proper bus arbitration support. The effect is 
much like an internally generated bus error, in that the bus cycle is aborted, and the processor 
ceases whatever processing it is currently doing and begins exception processing. After exception 
processing commences, the sequence is the same as that for bus error including the information 
that is stacked, except that the vector number refers to the address error vector instead. Likewise, if 
an address error occurs during the exception processing for a bus error, address error, or reset, the 
processor is halted. As shown in Figure 5-8, an address error will execute a short bus cycle followed 
by exception processing. 


SO S1 S2 S3 S4S5 S6 S7 SO S1 $2 S3 S4 S5 S6 S7 50 S41 :S2:55.-54 5 





Address Error Approx. 8 
Read >} Write Stack 
I Write ce td > es | 


Figure 5-8. Address Error Timing 
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SECTION 6 
INTERFACE WITH 6800 PERIPHERALS 


THOMSON SEMICONDUCTEURS'’ extensive line of 6800 peripherals are compatible with the 
TS68008. Some of these devices that are particularly useful are : 


EF6821 Peripheral Interface Adapter EF6850 Asynchronous Communications 
EF6840 Programmable Timer Module Interface Adapter 
EF9345 EF9367 CRT Controllers EF6852 Synchronous Serial Data Adapter 


EF6854 Advanced Data Link Controller 


To. interface the synchronous 6800 peripherals with the asynchronous TS68008, the processor 
modifies its bus cycle to meet the 6800 cycle requirements whenever an 6800 device address is 
detected. This is possible since both processors use memory mapped |/O. Figure 6-1 is a flowchart 
of the interface operation between the processor and 6800 devices. 


6.1 DATA TRANSFER OPERATION 


Two signals on the processor provide the 6800 interface. They are : enable (E), and valid peripheral 
address (VPA). In addition,’a valid memory address (VMA) signal must be provided (see 4.1.7 
6800 Peripheral Control). Enable corresponds to the E signal in existing 6800 systems. The E 
clock frequency is one tenth of the incoming TS68008 clock frequency. The timing of E allows 1 
megahertz peripherals to be used with an 8 megahertz TS68008. Enable has a 60/40 duty cycle ; 
that is, it is low for six input clocks and high for four input clocks. 


6800 cycle timing is given in Section 8. At state zero in the cycle, the address bus is in the high- 
impedance state. A function code is asserted on the function code output lines. One-half clock 
later, in state one, the address bus is released from the high-impedance state. 


During State two, the addres: strobe (AS) is asserted. to indicate that there is a valid address on the 
address bus. If the bus cycle is a read cycle, the data strobe is also asserted in State two. If the bus 
cycle is a write cycle the read/write (R/W) signal is switched to low (write) during state two. One 
half clock later, in state three, the write data is placed on the data bus, and in state four the data 
strobe is isSued to indicate valid data on the data bus. The processor now inserts wait States until It 
recognizes the assertion of VPA. 


The VPA input signals the processor that the address on the bus is the address of an 6800 device 
(or an area reserved for 6800 devices) and that the bus should conform to the transfer 
characteristics of the 6800 bus. Valid peripheral address is derived by decoding the address bus, 
conditioned by address strobe. Chip select for the 6800 peripherals should be derived by decoding 
the address bus conditioned by VMA (not AS). 
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PROCESSOR SLAVE 


initiate the Cycle 


1) The Processor Starts a Normal 
Read or Write Cycle 





Define 6800 Cycle 


1) External Hardware Asserts Valid 
Peripheral Address (VPA) 





Synchronize with Enable 


1) The Processor Monitors Enable (E) 
Until it is Low (Phase 1) 

2) External Circuit Provides 
Generation of VMA 





Transfer the Data 


1) The Peripheral Waits Until E is 
Active and Then Transfers the Data 





Terminate the Cycle 


1) The Processor Waits Until E 
Goes Low (On a Read Cycle the 
Data is Latched as E Goes Low 


Internally.) = 
2) The Processor Negates AS and DS 


The E | Circuit Negates VMA 
3) The External Circuit Negate eeearnal Hardware 





1) Negates VPA 


Start Next Cycle 


Figure 6-1. 6800 Cycle Flowchart 


After recognition of VPA, the processor assures that the enable (E) is low, by waiting if necessary. 
Valid memory address (provided by an external circuit similar to that of Figure 4-2) is then used as 
part of the chip select equation of the peripheral. This ensures that the 6800 peripherals are 
selected and deselected at the correct time. The peripheral now runs its cycle during the high por- 
tion of the E signal. Figure 6-2 depicts the 6800 cycle timing using the VMA generation circuit 
shown in Figure 4-2. This cycle length is dependent strictly upon when VPA is asserted in relation- 
ship to the E clock. 
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SO S2 w www w S6S7 
CLK 


AS \ / 





Nee Ne 

VPA Decode eeu ~~ C~*O*C=“‘CS; 72S S*~C:*C<CS:S*C 

— — ——— 
VMA* \ / 


* Externally generated 





Figure 6-2. 6800 Cycle Timing 


During a read cycle, the processor latches the peripheral data in state six. For all cycles, the pro- 
cessor negates the address and data strobes one half clock cycle later in state seven, and the enable 
signal goes low at this time. Another half clock later, the address bus is put in the high-impedance 
state. During a write cycle, the data bus is put in the high-impedance state and the read/write signal 
is switched high. The peripheral logic must remove VPA within one clock after address strobe is 


negated. 


DTACK should not be asserted while VPA is asserted. Notice that VMA is active low, contrasted 
with the active high 6800 VMA. Refer to Figure 4-2. 


6.2 AC ELECTRICAL SPECIFICATIONS 


The electrical specifications for interfacing the TS68008 to 6800 Family peripherals are located in 
Section 8. 
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6.3 INTERRUPT INTERFACE OPERATION 


During an interrupt acknowledge cycle while the processor is fetching the vector, the VPA is 
asserted, the TS68008 will complete a normal 6800 read cycle as shown in Figure 6-3. The pro- 
cessor will then use an internally generated vector that is a function of the interrupt being serviced. 
This process is known as autovectoring. The seven autovectors are vector numbers 25 through 31 
(decimal). 


SO S1 S2 S3 S4 S5 S6 S7 SO S1 S2S3 S46wWwwWiWwWWwWWwWWwW WW WwW WwW Ww SS SB S7 SO 
CLK 


FCO-FC2 x y 
A4-A19 
AS \ / \ / 





VPA ee es re 
Decode 





< 
<= 
> 

* 


|~<———Read Cycle-———>}« —__—______— Autovector Operation > 


* Externally generated 
Figure 6-3. Autovector Operation Timing Diagram 


Autovectoring operates in the same fashion (but is not restricted to) the 6800. interrupt sequence. 
The basic difference is that there are six normal interrupt vectors and one NMI type vector. As with 
both the 6800 and the TS68008’s normal vectored interrupt, the interrupt service routine can be 
located anywhere in the address space. This is due to the fact that while the vector numbers are 
fixed, the contents of the vector table entries are assigned by the user. 


Since VMA is asserted during autovectoring, the 6800 peripheral address decoding should pre- 
vent unintended accesses. 
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SECTION 7 
INSTRUCTION SET AND EXECUTION TIMES 


7.1 INSTRUCTION SET 


The following paragraphs provide information about the addressing categories and instruction set 
of the TS68008. 


7.1.1 Addressing Categories 


Effective address modes may be categorized by the ways in which they may be used. The following 
classifications will be used in the instruction definitions. 


Data If an effective address mode by be used to refer to data operands, it is 
considered a data addressing effective address mode. 

Memory If an effective address mode may be used to refer to memory operands, it 
is considered a memory addressing effective address mode. 

Alterable lf an effective address mode may be used to refer to alterable (writeable) 
operands, it is considered an alterable addressing effective address mode. 

Control If an effective address mode may be used to refer to memory operands 


without an associated size, it is considered a control addressing effective 

address mode. 
These categories may be combined, so that additional, more restrictive, classifications may be 
defined. For example, the instruction descriptions use such classifications as alterable memory or 
data alterable. The former refers to those addressing modes which are both alterable and memory 
addresses, and the latter refers to addressing modes which are both data and alterable. Table 7-1 
shows the various categories to which each of the effective address modes belong. Table 7-2 is the 
instruction set Summary. 


Table 7-1. Effective Addressing Mode Categories 















Etective 
nats Wate iat 
On eee nA A aa ae 
Tani? dCRegister Number |---| sd x 
[ane -| 011 | Register Number [x |x |---| « 
P=tan | 100} Register Number [| x |x 
A CO 
eG, oe ee 
pare i fk 
Mee ee I ee 
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Table 7-2. Instruction Set (Sheet 1 of 2) 


Codes 
Mnemonic Description Operation | x{n]zivic. 


PRBCD | Add Decimal with Extend | (Destinatonl19 [Sourceli9+x== Desinavon | “ful *|u] *_ 
(Destination) + (Source) —* Destination 

ADDA Add Address be, (Destination) + (Source) —* Destination 

ADDI (Destination) + Immediate Data —* Destination 
ADDQ Add Quick | (Destination) + Immediate Data —> Destination pe soee | yee 
ADDX Add Extended (Destination) + (Source) + x —* Destination ae cee 
AND AND Logical (Destination) A (Source) —> Destination 


ANDI AND Immediate (Destination) A Immediate Data — Destination 
ASL, ASR Arithmetic Shift (Destination) Shifted by < count> —* Destination 


Branch Conditionally lf cc then PC +d—*PC 
















s “| ~(<bit number>) OF Destination—-Z 
BCHG Test a Bit and Change ~(<bit number >) OF Destination —- 
<bit number> OF Destination 
BCLR Tests Bitand Clear ~(<bit number >) OF Destination — Z 
}O—* <bit number > —* OF Destination 












aioe. ~(<bit number>) OF Destination ~~ Z 
BSET Test a Bit and Set |— <bit number > OF Destination 
Branch to Subroutine PC— —(SP), PC +d—>PC 
BTST Test a Bit ~(<bit number>) OF Destination —* Z 


}BRA Branch Always PC + displacement —* PC 


— | —~ 











(Destination! = (Source Seog 


) 


BCC 
BRA 
BSR 
CHK 
CLR 
CM 

OR 
XG 
XT 
EA 

4 


Check Register against Bounds If Dn <0 or On> (<ea>) then TRAP 
Clear an Operand 0 — Destination 


Destination) — (Source 
CMPA 7 


EORI (Destination) @ immediate Data + Destination 1 -i*{*1olo | 
Ax — Ry Basso 


LEXG 
fEXT Sign Extend (Destination) Sign-extended — Destination | —-|*{*]{olo | 
Jump Destination —> PC | -|-|-|-|- | 
[ish Jump to Subrautne = = sr; Destnaton =F S 

ie 


Load Effective Address Destination — An | 










LINK Link and Allocate An—* — (SP); SP— An; SP + displacement — SP | 
LSL, LSR Logical Shift (Destination) Shifted by <count> —* Destination 


Compare Address Destination) — (Source) meee 
CMPI Compare Immediate Destination) — Immediate Data See. 
"| If~cc then On—1—+Dn; if Dn¥ - 1 
DBcc Test Condition, Decrement and Branch then PC+d—-PC 

MOVE Move Data from Source to Destination (Source) —* Destination 


DIVS Signed Divide (Destination) /(Source) — Destination ae has 
DIVU Unsigned Divide (Destination) /(Source) —* Destination fees NPS | PO. 
Exclusive OR Logical (Destination) @ (Source) — Destination | -[*{*]0{0 | 


MOVE to CCR | Move to Condition Code (Source) > CCR ee 
MOVE to SR Move to the Status Register (Source) ~* SR pe 





MOVE from SR} Move from the Status Register SR — Destination 
MOVE USP __| Move User Stack Pointer USP —* An; An—* USP | 
MOVEA __| Move Address (Source) > Destination . 


Registers —> Destination 
(Source) —* Registers 


(Source) —* Destination 


MOVEM Move Multiple Registers 


MOVEP 


Move Peripheral Data 
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Table 7-2. Instruction Sheet (Sheet 2 of 2) 


Condition 













'?) 
° 
Qa 
i 





























Description i | XN] Zz 
eee ole 

[MULS [Signed Multiply (Destination) x (Source) Destination | ~ | * | * J 0 [0 | 
pe pe pean ae aa fe 
NBCD Negate Decimal with Extend |O—(Destination)j9—x—*Destination ss ss | * ful *{ul* | 
ae EN erent ttle 

[0 (estination)=n— Destination‘ *|*|*| [I 

No Operation Co ee eee 

Logical Complement ~ (Destination) —* Destination 1—1*}*lofo| 

rose OF Lope Sent Sets oomen———T =o 

inclusive OR Immediate (Destination) v Immediate Data— Destination | |" |" 0 [0 | 

PEA Push Effective Agaress [Destination (SP) Sd] - 
RESET Reset External Devices _ | —{-|—]-|- | 
ro FOR ue aaa mat cee [Et 
ROXL, ROXR tend tS—~™S (Destination) Rotated by <count> — Destination aie ial \* | 
Return from Exception (SP) + —> SR; (SP)+ —>PC feces eae a ae 
Return and Restore Condition Codes (SP) + —* CC; (SP) + — PC eee | 
Sse 
a ae Oe eee 
Set According to Condition aes 
PPP 


ey 

Ee 

faa 

ha 

Ba) 

UB (Destination) — (Source) —* Destination ia 
SUBA Subtract Address (Destination) — (Source) —* Destination Skteses 
SUBI SE eee (re er ee I 

lead 

is 

| ~ | 

— | 

eS 

he 

a 

eH 






SUBQ Subtract Quick (Destination) — Immediate Data —> Destination 
Subtract with Extend (Destination) — (Source) — x — Destination 
Swap Register Halves Register [31:16] «> Register [15:0] 


AS Test and Set an Operand (Destination) Tested —* CC; 1-*[7] OF Destination 
Trap PC— —(SSP); SR —(SSP); (Vector) —> PC 






H4lAlAalnin 
Pel ie) SiC 
P| > p|2 
eye res 


Trap on Overflow If V then TRAP 


Test an Operand (Destination) Tested —* CC 
An== SP, (SPI+ —An 


@ logical exclusive OR * affected 
A logical AND — unaffected 
v logical OR 0 cleared 
~ logical complement 1 set 
U undefined 


7.1.2 Instruction Prefetch 


The TS68008 uses a two-word tightly-coupled instruction prefetch mechanism to enhance perfor- 
mance. This mechanism is described in terms of the microcode operations involved. If the execu- 
tion of an instruction is defined to begin when the microroutine for that instruction is entered, some 
features of the prefetch mechanism can be described. 
1) When execution of an instruction begins, the operation word and the word following have 
already been fetched. The operation word is in the instruction decoder. 
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2) In the case of multiword instructions, as each additional word of the instruction is. used 
internally, a fetch is made to the instruction stream to replace it. 

3) The last fetch from the instruction stream is made when the operation word is discarded and 
decoding is started on the next instruction. 

4) \f the instruction is a single-word instruction causing a branch, the second word is not used. 
But because this word is fetched by the preceding instruction, it is impossible to avoid this 
superfluous fetch. In the case of an interrupt:or trace exception, neither word is used. 

5) The program counter usually points to the last word fetched from the instruction stream. 


7.2 INSTRUCTION EXECUTION TIMES 


The following paragraphs contain listings of the instruction execution times in terms of external 
clock (CLK) periods. In this timing data, it is assumed that both memory read and write cycle times 
are four clock periods. Any wait states caused by a longer memory cycle must be added to the total 
instruction time. The number of bus read and write cycles for each instruction Is also included with 
the timing data. This data is enclosed in parenthesis following the execution periods and is shown 
as: (r/w) where r is the number of read cycles and w is the number. of write cycles. The number of 
periods includes instruction fetch and all applicable operand fetches and stores. 


7.2.1 Operand Effective Address Calculation Times 


Table 7-3 lists the number of clock periods required to compute an instruction’s effective address. It 
includes fetching of any extension words, the address computation, and fetching of the memory 
operand. The number of bus read and write cycles is shown in parenthesis as (r/w). Note there are 
no write cycles involved in processing the effective address. 


Table 7-3. Effective Address: Calculation Times 


|_Byte | Word | tong _| 
Data Register Direct 


: 
An Address Register Direct 0(0/0) 0(0/0) 0(0/0) 
(An) Address Register Indirect 4(1/0) 8(2/0) 16(4/0) 
(An) + Address Register Indirect with Postincrement 4(1/0) 8(2/0) 16(4/0) 
—{An) Address Register Indirect with Predecrement 6(1/0) 10(2/0) 18(4/0) 
d(An, ix)* Address Register Indirect with Index 14(3/0) 18(4/0) 26(6/0) 
ie Immediate 8(2/0) 8(2/0) 16(4/0) 


*The size of the index register (ix) does not affect execution time. 






Addressing Mode 




















7.2.2 Move Instruction Execution Times 


Tables 7-4, 7-5, and 7-6 indicate the number of clock periods for the move instruction. This data in- 
cludes instruction fetch, operand reads, and operand writes. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). 
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Table 7-4. Move Byte Instruction Execution Times 


onan tanta] tan) ta) [An oe 


8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 20(4/1) 22(4/1) 2014/1) 2816/1) 
8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 2014/1) 22(4/1) 2014/1) 2816/1) 
12(3/0) 12(3/0) 16(3/ 1) 16(3/1) 16(3/1) 24(5/1) 26(5/1) 24(5/1) 32(7/1) 
12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 24(5/ 1) i 26(5/1) 24(5/ 1) 32(7/ 1) 


14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/ 1) 2615/1) 28(5/ 1) 26(5/ 1) 34(7/1) 


20(5/0) 20(5/0) 24(5/1) 24(5/1) 24(5/1) 32(7/1) 34(7/1) 32(7/ 1) 40(9/ 1) 
22(5/0) 22(5/0) 26(5/ 1) 26(5/1) 26(5/ 1) 3A(7/1) 36(7/1) 34(7/1) 42(9/1) 
20(5/0) 20(5/0) 24(5/1) 24(5/1) 24(5/1) 32(7/1) 34(7/1) 32(7/1) 4019/1) 
28(7/0) 28(7/0) 32(7/1) 32(7/1) 32(7/1) 40(9/ 1) 42(9/1) 40(9/1) 48(11/1) 
20(5/0) 20(5/0) 24(5/1) 24(5/1) 24(5/1) 32(7/1) 34(7/1) 32(7/1) | 40(9/ 1) 
22(5/0) 22(5/0) 26(5/ 1) 26(5/1) 26(5/1) 34(7/1) 36(7/1) 34(7/1) 42(9/ 1) 
16(4/0) 16(4/0) 2014/1) 20(4/1) 2014/1) 2B(6/1) 30(6/1) 2816/1) 36(8/ 1) 


*The size of the index register (ix) does not affect execution time. 





Table 7-5. Move Word Instruction Execution Times 


Destination 
[on [An | (An)_] (And | -An) | atAn) [etn W]e Wee 
8(2/0) 8(2/0) 16(2/2) 16(2/2) 16(2/2) 24(4/2) 26(4/2) 2014/2) | 32(6/ 2) 
8(2/0) 8(2/0) 16(2/2) 16(2/2) 16(2/2) 24(4/2) 26(4/2) 2014/2) 32(6/ 2) 
16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 32(6/ 2) 34(6/2) 32(6/2) 40(8/ 2) 
16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 32(6/2) 3416/2) 32(6/2) 40(8/ 2) 
18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 34(6/2) 32(6/2) 34(6/2) 42(8/ 2) 


24(6/0) 24(6/0) 32(6/ 2) 32(6/2) 32(6/2) 40(8/2) 42(8/2) 40(8/2) 48( 10/2) 

26(6/0) 26(6/0) 34(6/2) 34(6/2) 34(6/2) 42(8/ 2) 44(8/2) 42(8/2) 

24(6/0) 24(6/0) 32(6/ 2) 32(6/2) 32(6/2) 40(8/2) 42(8/2) 40(8/ 2) 

32(8/0) 32(8/0) 40(8/2) 40(8/ 2) 40(8/ 2) 48( 10/2) 50( 10/2) 48( 10/2) 

24(6/0) 24(6/0) 32(6/2) 32(6/ 2) 32(6/2) 40(8/2) 42(8/2) 40(8/2) 48(10/2) 
d(PC, ix)” 26(6/0) 26(6/0) 34(6/2) 34(6/2) 34(6/2) 42(8/2) 44(8/2) 42(8/2) 50( 10/2) | 
#XXX 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 32(6/2) 34(6/2) 32(6/2) 40(8/ 2) 





*The size of the index register (ix) does not affect execution time. 


Table 7-6. Move Long Instruction Execution Times 










Destination 
Pp Dn | An | tan) [(An+ | -tAn) | tn) __[dfAn, ixi* 
8(2/0) 8(2/0) 24(2/4) 24(2/4) 24(2/4) 32(4/4) 34(4/4) 32(4/4) 40(6/ 4) 































































































32(4/4) 
48(8/4) 
48(8/4) 
50(8/4) 
56(10/4) 
5810/4) 
56( 10/4) 
64(12/4) 
56(10/4) 
58(10/4) 
4818/4) 


34(4/4) 
50(8/4) 
50(8/4) 
52(8/4) 

58(10/4) 
60(10/4) 
58(10/4) 
66(12/4) 
58(10/4) 
60(10/4) 
50(8/4) 


40(6/4) 
56( 10/4) 
56( 10/4) 
58( 10/4) 
64( 12/4) 
66( 12/4) 
64(12/4) 
72( 14/4) 


24(2/4) 
40(6/4) 
40(6/4) 
42(6/4) 
48(8/4) 
50(8/4) 
48(8/4) 

56(10/4) 
48(8/4) 


24(2/4) 
40(6/4) 
40(6/4) 
42(6/4) 
48(8/4) 
50(8/4) 
48(8/4) 
56(10/4) 
48(8/4) 
50(8/4) 
40(6/4) 


32(4/4) 
48(8/4) 
48(8/4) 
50(8/4) 

56(10/4) 
58( 10/4) 
56( 10/4) 
64(12/4) 
56(10/4) 
58(10/4) 
48(8/4) 


8(2/0) 
24(6/0) 
24(6/0) 
26(6/0) 
32(8/0) 
34(8/0) 
32(8/0) 
40(10/0) 
32(8/0) 


8(2/0) 
24(6/0) 
24(6/0) 
26(6/0) 
32(8/0) 
34(8/0) 
32(8/0) 
40(10/0) 
32(8/0) 


24(2/4) 
| 4016/4) 
40(6/4) 
42(6/4) 
48(8/4) 
50(8/4) 
48(8/4) 

56(10/4) 
48(8/4) 
34(8/0) 34(8/0) 50(8/4) 50(8/4) 
24(6/0) 24(6/0) 40(6/4) 40(6/4) 
*The size of the index register (ix) does not affect execution time. 
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7.2.3 Standard Instruction Execution Times 


The number of clock periods shown in Table 7-7 indicates the time required to perform the opera- 
tions, store the results, and read the next instruction. The number of bus read and write cycles is 
shown in parenthesis as: (r/w). The number of clock periods and the number of read and write 
cycles must be added respectively to those of the effective address calculation where indicated. |n 
Table 7-7 the headings have the following meanings: An= address register operand, Dn= data 
register operand, ea=an operand specified by an effective address, and M=memory effective 
address operand. 


Table 7-7. Standard Instruction Execution Times 


_ 8(2/0) + 12(2/1) + 
12(2/0) + “8(2/0) + 16(2/2) + 
10(2/0) + * * 10(2/0) + * * 24(2/4) + 

8(2/0) + 12(2/1) + 
8(2/0) + 16(2/2) + 
10(2/0) + ** 24(2/4) + 
8(2/0) + 

8(2/0) + 
10(2/0) + 


8(2/0)+ *** 12(2/1) + 
8(2/0)+ *** 16(2/2) + 
12(2/0)+ *** 24(2/4) + 


8(2/0) + 12(2/1) + 
8(2/0) + 16(2/2) + 
10(2/0) + ** 24(2/4) + 
8(2/0) + 12(2/1) + 
12(2/0) + 8(2/0) + 16(2/2) + 
10(2/0) + * * 10(2/0) + ** 24(2/4) + 





+ Add effective address calculation time 
Indicates maximum value 
The base time of 10 clock periods is increased to 12 if the effective address mode is register direct or im- 
mediate (effective address time should also be added). 
Only available effective address mode !s data register direct 
DIVS, DIVU — The divide algorithm used by the TS68008 provides less than 10% difference between the best and 
worst case timings. 
MULS, MULU — The multiply algorithm requires 42 + 2n clocks where n is defined as: 
MULS: n= tag the <ea> with a zero as the MSB; nis the resultant number of 10 or 01 patterns in 
the 17-bit source, i.e., worst case happens when the source is $5555. 
MULU: n= the number of ones in the <ea> 


7.2.4 Immediate Instruction Execution Times 


The number of clock periods shown in Table 7-8 includes the time to fetch immediate operands, 
perform the operations, store the results, and read the next operation. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number of clock periods and the number of read 
and write cycles must be added respectively to those of the effective address calculation where 
indicated. In Table 7-8, the headings have the following meanings: #=immediate operand, 
Dn= data register operand, An= address register operand, and M= memory operand. 
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Table 7-8. Immediate Instruction Clock Periods 


+ add effective address calculation time 


16(4/0) 
16(4/0) 
28(6/0) 


8(2/0) 
8(2/0) 
12(2/0) 


16(4/0) 
16(4/0) 
28(6/0) 


16(4/0) 
16(4/0) 
26(6/0) 


16(4/0) 
16(4/0) 
28(6/0) 


16(4/0) 
16(4/0) 
28(6/0) 
16(4/0) 
16(4/0) 
28(6/0) 

8(2/0) 

8(2/0) 
12(2/0) 


7.2.5 Single Operand Instruction Execution Times 


12(2/0) 
12(2/0) 


12(2/0) 
12(2/0) 


20(4/1) + 
24(4/2) + 
40(6/4) + 


12(2/1) + 
16(2/2) + 
24(2/4) + 


20(4/1) + 
24(4/2) + 
40(6/4) + 


16(4/0) + 
16(4/0) + 
24(6/0) + 


20(4/1) + 
24(4/2) + 
40(6/4) + 


20(4/1) + 
24(4/2) + 
40(6/4) + 
12(2/1) + 
16(2/2) + 
24(2/4) + 
20(4/1) + 
24(4/2) + 
40(6/4) + 





Table 7-9 indicates the number of clock periods for the single operand instructions. The number of 
bus read and write cycles is shown in parenthesis as (r/w). The number of clock periods and the 
number of read and write cycles must be added respectively to those of the effective address 
calculation where indicated. 


Table 7-9. Single Operand Instruction Execution Times 


8(2/0) 12(2/1) + 
8(2/0) 16(2/2) + 
10(2/0) 24(2/4) + 


10(2/0) 12(2/1) + 


8(2/0) 12(2/1) + 

8(2/0) 16(2/2) + 
Long 10(2/0) 24(2/4) + 
Byte 8(2/0) 12(2/1) + 
Word 8(2/0) 16(2/2) + 
24(2/4) + 
12(2/1) + 
16(2/2) + 


Long 10(2/0) 
Byte 8(2/0) 


Word 8(2/0) 
Long 10(2/0) 24(2/4) + . 
Byte, True 10(2/0) 12(2/1) + 


Byte 8(2/0) 8(2/0) + 
Word 8(2/0) 8(2/0) + 
Long 8(2/0) 8(2/0) + 


+ add effective address calculation time. 
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7.2.6 Shift/Rotate Instruction Execution Times. 


Table 7-10 indicates the number of clock periods for the shift and rotate instructions. The number of 
bus read and write cycles is shown in parenthesis as: (r/w). The number of clock periods and the 
number of read and write cycles must be added respectively to those of the effective address 
calculation where indicated. 


Table 7-10. Shift/ Rotate Instruction Clock Periods 


Sie Register Memory +d 


| _instruction | 
Byte 10 + 2n(2/0) - 
ASR, ASL Word 10 + 2n(2/0) 16(2/2) + 
Long 12 + 2n(2/0) - 
Byte 10 + 2n(2/0) - 
LSR, LSL Word 10 + 2n(2/0) 
Long 12 + 2n(2/0) - 
Byte 10 + 2n(2/0) ~ 
ROR, ROL Word 10 + 2n(2/0) 16(2) 2) + 
Long 12 + 2n(2/0) ~ 
Byte 10 + 2n(2/0) ~ 
ROXR, ROXL Word 10 + 2n(2/0) 
Long 12 + 2n(2/0) 
+ add effective address calculation time 
n is the shift count 


















1612.2) + 















16(2/2) + 





7.2.7 Bit Manipulation Instruction Execution Times 


Table 7-11 indicates the number of clock periods required for the bit manipulation instructions. The 
number of bus read and write cycles is shown in parenthesis as: (r/w). The number of clock periods 
and the number of read and write cycles must be added respectively to those of the effective 
address calculation where indicated. 


Table 7-11. Bit Manipulation Instruction Execution Times 


} ) 


Byte _ 12(2/1) + - 
ae 00 m0" 
Byte = 1212/1) + : 
ack Long 14(2/0)* 2214/0)* 












Memory 
2014/1) + 


2014/1) + 






2014/1) + 


Byte 12(2/1) + — 


Byte BI2/0)+ : 
i Long 10(2/0) 1814/0) 


+ add effective address calculation time 
* indicates maximum value 


16(4/0) + 
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7.2.8 Conditional Instruction Execution Times 


Table 7-12 indicates the number of clock periods required for the conditional instructions. The 
number of bus read and write cycles is indicated in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added respectively to those of the effec- 
tive address calculation where indicated. 


Table 7-12. Conditional [nstruction Execution Times 


: . Trap or Branch Trap or Branch 
Instruction Displ t 

Hee Byte 18(4/0) 12(2/0) 
Word 18(4/0) 2014/0) 

BRA Byte 18(4/0) 
Word 18(4/0) 

BSR Byte 34(4/4) 
Word 34(4/4) 

CHK 















CC True 20(4/0) 
Sa 
ar ee eee a Oe 
Pinar SC~w toe 


+ add effective address calculation time 
* indicates maximum value 





7.2.9 JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times 


Table 7-13 indicates the number of clock periods required for the jump, jump-to-subroutine, load ef 
fective address, push effectwe address, and move multiple registers instructions. The number of 
bus read and write cycles is shown in parenthesis as: (r/w). 


Table 7-13. JMP, JSR, LEA, PEA, and MOVEM Instruction Execution Times 


[instruction] Sie | (an) | (Ans 
Gee Rn CT UT MR 
aa CTC maa 

[avo [= 

Sel 


Word 24+ 8n 24 + 8n 32 + 8n 34+ 8n 32 + 8n 40 + 8n 32 + Bn 34 +8n 
(6+ 2n/0) | (6+ 2n/0) (8+ 2n/O0) | (8+ 2n/0) [(10+n/0) | (104 2n/0) [18+ 2n/0) | (8+ 2n/0) 
Long 24+ 16n | 24+ 16n 32+16n | 34+16n |} 32+ 16n 40+16n | 32+ 16n | 34+ 16n 
(6+4n/0} |(6+4n‘0) (8+ 4n/0) | (84+4n/0) | (8 + 4n/0) (8+ 4n/0) | (84 4n/0) | (84 4n/0) 
Word 16 + 8n 16 + 8n 24 +8n 26 + 8n 24+ 8n 32 + 8n 
MOVEM (4. 2n) (4/2n) (6/2n) (6/2n) (6/2n) (8/2n) 
R—M Long | 16+ 16n 16+ 16n| 24+16n | 26+16n| 24+ 16n 32 + 16n 
(4° 4n) (4,4n) (6/4n) (6/4n) (8/4n) (6/4n) 


nis the number of registers to move 
* is the size of the index register (ix) does not affect the instruction’s execution time 
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7.2.10 Multi-Precision Instruction Execution Times 


Table 7-14 indicates the number of clock periods for the multi-precision instructions. The number of 
clock periods includes the time to fetch both operands, perform the operations, store the results, 
and read the next instructions. The number of read and write cycles is shown in parenthesis as: 
(r/w). 


In Table 7-14, the headings have the following meanings: Dn=data register operand and 
M=memory operand. 7 | 


Table 7-14. Multi-Precision Instruction Execution Times 


a 











Byte 8(2/0) 22(4/1) 
ADDX Word 8(2/0) 50(6/2) 
Long 12(2/0) 58( 10/4) 


; Byte 16(4/0) 

CMPM Word | 24(6/0) 
Long 40(10/0) 

| Byte 8(2/0) 22(4/1) 

SUBX Word 8(2/0) 50(6/2) 
Long 12(2/0) 58( 10/4) 

ABCD —10(2/0) 20(4/1) 

SBCD Byte 10(2/0) 20(4/1) | 








7.2.11 Miscellaneous Instruction Execution Times 


Tables 7-15 and 7-16 indicate the number of clock periods for the following miscellaneous instruc- 
tions. The number of bus read and write cycles is shown in parenthesis as: (r/w). The number of 
clock periods plus the number of read and write cycles must be added to those of the effective 
address calculation where indicated. 


7.2.12 Exception Processing Execution Times 


Table 7-17 indicates the number of clock periods for exception processing. The number of clock 
periods includes the time for all stacking, the vector fetch, and the fetch of the first instruction of 
the handler routine. The number of bus read and write cycles is shown in parenthesis as: (r/w). 
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Table 7-15. Miscellaneous Instruction Execution Times 












AND! to CCR 


25 0 
2160 


(I 







Bid Ole 
1814 O)+ 
1612 Li-+ 









MovewousP | azo | Sd 
[AE at ae ee Ae ee eS 
Norse ene 
fonoccr | eof 
fonriosk «Saw CdOCS 
reset id Sto dP 
ce OC 
lie ol we ee 
2060 


STOP 4(0/0) 
UNLK 2416/0) 


+ add effective address calculation time 





Table 7-16. Move Peripheral Instruction Execution Times 


Siz Register — Memory 


DE 


+ add effective address calculation time 











Memory — Register 






Table 7-17. Exception Processing 
Execution Times 


[Exception | Periods | 
9418/14) 
CHK Instruction 
interrupt 
illegal Instruction 62(8/6) 


+ add effective address calculation time 
*The interrupt acknowledge bus cycle 1s assumed 
to take four external clock periods 
** Indicates the time from when RESET and HALT 
are first sampled as negated to when instruction 
execution Starts. 
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SECTION 8 
ELECTRICAL SPECIFICATIONS 


This section contains the electrical specifications and associated timing information for the 
MC68008. 


8.1 MAXIMUM RATINGS 





This device contains circuitry to protect the 
iNputs against damage due to high static 
voltages or electric fields, however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltages higher than 
maximum-rated voltages to this high: 
impedance circuit Reliability of operation 1s 
enhanced if unused inputs are tied to an ap 
propriate logic voltage level (eg, either 
ground or Vcc) 











Rating 


P vec [=030+70_ | v | 
Input Voltage ~0.3to +70 


Unit 
Vv 
Operating Temperature Range TA 0 to 70 Be 
TS68008C 0 to 70 
TS68008V —40 to 85 
Storage Temperature = 55 to 150 





Supply Voltage 





8.2 THERMAL CHARACTERISTICS 


Characteristic 


OA 95C 
Thermal Resistance 


Ceramic DIL. 40 15* 
7 ape 
8.3 POWER CONSIDERATIONS 


Plastic DIL 
PLCC 
* Estimated 
The average chip-junction temperature, Ty, in °C can be obtained from: 
TJ=TA+(PDedJA) (1) 
Where: 
TA =Ambient Temperature, °C 
6) A= Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD=PINT+PI/O 
PINT=Iccx Vcc, Watts — Chip Internal Power 
P\/Q= Power Dissipation on Input and Output Pins — User Determined 
For most applications P|/Q<P|NT and can be neglected. 












An approximate relationship between Pp and Ty (if P/O is neglected) is: 


Po=K=+(Ty+ 273°C) (2) 
Solving equations 1 and 2 for K gives: 
K =Ppe(TA + 273°C) + 8JAePDZ (3) 
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Where K is a constant pertaining to the particular part. K can be determined from equation 3 by 
measuring PD (at equilibrium) for a known TA. Using this value of K the values of Pp and Ty can be 
obtained by solving equations (1) and (2) iteratively for any value of TA. 


The curve shown iin Figure 8-1 gives the graphic solution to these equations for the specification 
power dissipation of 1.50 watts over the ambient temperature range of — 55°C to 125°C using abjA 
of 45°C/W, a typical value for packages specified. 


Power (Pp) — Watts 


—_ 





0 
-55 -40 0 25 70 85 110 125 
Ambient Temperature (TA) — °C 


Figure 8-1. TS68008 Power Dissipation (Pp) vs Ambient Temperature (TA) 


The total thermal resistance of a package (8A) can be separated into two components, @jC and 
6CA, representing the barrier to heat flow from the semiconductor junction to the package (case) 


surface (6 )C) and from the case to the outside ambient (@C A). These terms are related by the equa- 
tion: 


6JA=O8JC+OCA (4) 


6 jc is device related and cannot be influenced by the user. However, 8CA iS user dependent.and 
can be minimized by such thermal management techniques as heat sinks, ambient air cooling and 
thermal convention. Thus good thermal management on the part of the user can significantly 


reduce 8@CA so that 0JA=6 jc. Substitution of @jJc for 6JA in equation 1 will result in a lower 
semiconductor junction temperature. 
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8.4 DC ELECTRICAL CHARACTERISTICS 
(VcC=5.0 Vdc +5%; GND=0 Vdc; TA =0°C to 70°C; see Figures 8-2, 8-3, and 8-4) 












Symbol | win] 
input High Voltage Mes 
Input Low Voltage GND -03 






Input Leakage Current @ 5.25 V 





, HALT, RESET, BGACK 







Hi-Z (Off State) Input Current @ 2 
AQ-A19, AS, DO D7, FCO-FC2, DS, 


Output High Voltage (Io = — 400 pA) 

















E, AO-A19, AS, BG, DO-D7, FCO-FC2, 
DS, R/W. VMA 





Output Low Voltage 
(lop = 16 mA) HALT 
(Io, =3 2mA) AO-A19, BG, FCO-FC2 
(Io, =50mA) RESET 
(io, =5 3mMA) Ww 


Power Dissipation, * Ta =0°C 










* During normal operation instantaneous Vcc current requirements may be as high as 15 A 


* * Capacitance is periodically sampled rather than 100% tested. 








+5V 
+5V 
a R* =740 
3 Test 1N4148 
910 Point or Equivalent 
RESET 22 
; HALT 1N916 
L 139 pF or Equivalent 
C, = 130 pF oe Y 
= OPE . (Includes all Parasitics) 
Ri =6.0 kQ for AS, AO-A19, — 
. RECET — -D7, £, FCO-FC2, ™ 
Figure 8-2. RESET Test Load = ae ol E, FCO-FC2 
: nme *R= 1.22 kQ for AO-A19, BG, 
Figure 8-3. HALT Test Load FCO-FC2 


Figure 8-4. Test Loads 
8.5 CLOCK TIMING (See Figure 8-5) 


[Man 
20 [0 [20 [100 | 40 [125 [wn 
126 | 00 | 100 | 00 [ 66 | 250 | ns | 


Clock Pulse Width ICL 65 | 250 | 45 | 250 | 35 | 125] |. 
tCH 65 | 250 } 45 | 250 | 36 | 125 

Rise and Fall Times tcr 10 5 
tcf 10 5 


tcL (CH 







2.0V 


0.8V 
tCr {Cf 


Figure 8-5. input Clock Waveform 
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8.6 AC ELECTRICAL SPECIFICATIONS — READ CYCLES 
(Vcc =5.0 Vde + 5%; GND=0 Vdc; Ta=T, to Ty; see Figure 8-6) 
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Clock Width High 
Clock Fall Time 
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Clock Rise Time 
Clock Low to Address Valid 
Clock High to FC Valid 


—_- 
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= 

n 


— |} — 
oO; oO 


'CLA 
'CHFCV 
'CHADZ 

'CHAFI 

‘CHS 





fo>) 
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NS 


Clock High to Address, Data Bus High Impedance (Maximum) 
Clock High to Address, .FC Invalid (Minimum) 
Clock High to AS, DS Low 







> 
n 


| 


— 

[é9) oi o1 NO 

© on on; oOo 
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© > ~ (ee) ~~ ~ ->t{|jo> oO on; © 
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Qi o];o| Oo ro) 


—_ tf Got WwW 
© © Ory OF 


112 | Address Valid to AS, DS Low tave | 30 | 20] — | ns 
11426] FC Valid to AS, DS Low tFCVs | 50] — | ns 
121 | Clock Low to AS, DS High (CLSH | ns 
| 132 | AS, DS High to Address/FC Invalid ISHARI ns 


RO 
~i 
© 
— 
CO 
on 
— 
(>) 
(a) 
=) 

ioe) 


1425 | AS, DS Width Low ‘SL 
152 | AS, DS Width High ‘SH 


172 | AS, DS High to R/W High tSHR 
181 | Clock High to R/W High 


© 
on 


ns 


— 
oO 
i) 





S| 
no 


oS 
© 
ao) 
n 


‘CHR 
‘DIC 
'SHDA 


9 | AS, DS High to Data In Invalid (Hold Time) 'SHDII 
30 | AS, DS High to BERR High (SHBE 
312 | DTACK Low to Data Valid (Asynchronous Setup Time on Read) | tpatp} 





278 | Data In to Clock Low (Setup Time) 


AS, DS High to DTACK High 


[)) 
=) 
op) 





a 


2] | 
— <a — & 
on a) © © 


32 | HALT and RESET Input Transition Time tRHr,f 


47° | Asynchronous Input Setup Time | tAS| 
83 | BERR Low to DTACK Low tBELDAL 


564 } HALT/ RESET Pulse Width tHRPW 


NO — 
om men co a Ww 
© on © i) on 


NO ak 
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OQlo oO 
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NOTES : 

1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the values given in these columns. 
2. Actual value depends on clock period. 
3 
4 





. If 47 is satisfied for both DTACK and BERR, 48 may be 0 nanoseconds. 
. For power up the MPU must be held in RESET state for 100 milliseconds to allow stabilization of on-chip circuitry. After the system 
is powered up, 56 refers to the minimum pulse width required to reset the system. 


Oo. If the asynchronous setup time (47) requirements are satisfied, the DTACK low-to-data setup time (31) requirement can be ignored. 
The data must only satisfy the data-in to clock-low setup time (27) for the following cycle. 
6. Setup time to guarantee recognition on next falling edge of clock. 
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These waveforms should only be referenced in regard to the edge- to-edge measurement of the tim 
ing specifications. They are not intended as a functional description of the input and output signals 


Refer to other functional descriptions and their related diagrams for device operation 


S6 S/ 


SO $1 
CLK , r 
Ox I 
©) S 
FCO-FC2 area as es ere ee 
Or. | | 


Nore : a 
irom 


a S al 
f 
a ees 
o* Ge 


DTACK 
ST 6 Pico 


. POtE> TE 


Asynchronous 
Inputs (Note } 








NOTES 
1 Setup time for the asynchronous inputs IPLO. 2, 1PL1, and VPA guarantees their recognition at the’ next falling edge of the clock 


2 BR need fall at this time only in order to insure being recognized ‘at the end of this bus cycle 
3 Timing measurements are referenced to and from a !ow voltage of 0 8 volt and a high voltage of 2 0 volts. unless otherwise noted 


Figure 8-6. Read Cycle Timing Diagram 
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8.6 AC ELECTRICAL SPECIFICATIONS — WRITE CYCLES 
(Vcc =5.0 Vde + 5%; GND=0 Vdc; Ta=T_ to Ty; see Figure 8-7) 


—_ 
No 
or 
s 
— 
N 


wf] ow 
o1|o : 
| an onto 
on Oi al] ala 


Cc 
2. 
= 


Characteristic Symbol 





Clock Period 125 | 600 | 100 | 600 250 
Clock Width Low Ch 55 | 250 250 1Z0 ns 
Clock Width High tCH 250 125 ns 


Clock Fall Time 
Clock Rise Time Cr 
Clock Low to Address Valid 
Clock High to FC Valid tCHFCV 
Clock High to Address, Data Bus High Impedance (Maximum) 
Clock High to Address, FC Invalid (Minimum) tCHAF| 
Clock High to AS, DS Low 
Address Valid to AS Low tAVSL 
1A2.7|_ FC Valid to AS Low ” tECVSL 
12’ | Clock Low to AS, DS High tCLSH 
132 ] AS, DS High to Address/FC Invalid 
142.5 S Low tS 
2 S Width Low 
S, DS Width High ‘SH 
18) lock High to R/W High 
20! lock High to R/W Low 
S, Low to R/W valid 
Address Valid to R/W Low 
1A2.7| FC Valid to R/W Low 
IW Low to DS Low 
Clock Low to Data Out Valid 
S, DS High to Data Out Invalid 
262 | Data Out Valid to DS Low (DOSL 
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| 2825 | AS, DS High to DTACK High | tSHDAH | ns 
AS, DS High to BERR High | — | ns 
HALT and RESET Input Transition Time 200 

Asynchronous Inout Setup Time ee 


> 
CO 
ww 


BERR Low to DTACK Low tBELDAL 


Clock High to Data Out Invalid ‘CHDOI 


—S 


DS {/2z{5 
Nin{|o 


S 





or; oO 
als 
=| Kho | — NRO 
[) oO} oO io) 


=|8 rolololo 
oO a|o 
NO —_s 
oO co, | 
o) oO 


NO —_ 
i) Oo 
© i) 


311i 
o}]eO 





5 | RIW to Data Bus Impedance Driven tRLDBD ns 
564 | HALT/ RESET Pulse Width ‘HRPW Clk.Per 
NOTES : 
|. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the values given in these columns. 
2. Actual value depends on clock period. 
3. If 47 is safisfied for both DTIACK and BERR, 48 may be 0 nanoseconds. 
4. For power up the MPU must be held in RESET state for 100 milliseconds to allow stabilization of on-chip circuitry. After the system 


is powered up 56 refers to the minimum pulse width required to reset the system. 

. If the asynchronous setup time (47) requirements are satisfied, the DTACK low-to-data setup time (31) requirement can be ignored. 
The data must only satisfy the data-in to clock-low setup time (27) for the following cycle. 

. When AS, and R/W are equality lagded (+ 20 %), subtract 10 nanoseconds from the values in these columns. 

. Setup time to guarantee recognitiam on next falling edge of clock. 





Nn 


SD 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the tim- 
ing specifications. They are not intended as a functional description of the input and output signals. 
Refer to other functional descriptions and their related diagrams for device operation. 





K (55) S : O) 
OO @ ee 
Duta Our 2a Ee aaa ee 
@) 


BERR BRiNote J) 


HALT RESET 


Asynchronous 


Inputs (Note 1 


NOTES 
1 Timing measurements are referenced to and from a low voltage of 0 8 volt and a high voltage of 2 0 volts, unless otherwise noted 
2 Because of loading variations, R W may be vaiid after AS even though both are initiated by the nsing edge of S2 tSpecitication 


20A) 
Figure 8-7. Write Cycle Timing Diagram 
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8.7 AC ELECTRICAL SPECIFICATIONS — TS 68008 to 6800 PERIPHERAL 
(Vcc =5.0 Vde + 5%; GND=0 Vdc ; Ta =0° to 70°C ; see Figures 8-8 and 89) 


Clock Low to AS, DS High 'CLSH 
AS, DS High to RIW High (Read) sua | 40] - | 20] - | 
' 1 Clock High to R/W High ‘CHRH 


—_— | 31] 1 
OO J} “WIJ BO 
IN) —_ 


RO 
© 


' | Clock High to R/W Low 
Clock Low to Data Out Valid (Write) . 


wo 


27 Data In to Clock Low (Setup Time on Read) 
9 | AS, DS High to Data In Invalid (Hold Time on Read 


Clock Low to E Transition 
E Output Rise and Fall Time 


2 
4 | AS, DS High to VPA High 
5 | E Low to Control, Address Bus Invalid (Address Hold Time) | te, cay 30 


47 | Asynchronous Input Setup Time 


493 | AS, DS High to E Low 
51 | E Width Low 700 
54 | E Low to Data Out Invalid 


NOTES : 
1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the values given in these columns. 
2. Actual value depends on clock period. 


3. The falling edge of S6 triggers both the negation of the strobes (AS, and x DS) and the falling edge of E. Either of these events can 
occur first, depending upon the loading on each signal. Specification 49 indicates the absolute maximum skew that will occur between 
the rising edge of the strobes and the falling edge of the E clock. 
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4 
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Datain 


NOTE This timing diagram 1s included for those who wish to design their Own circuit 10 generate VMA it shows The best Case possibly 
attainable 


Figure 8-8. TS68008 to 6800 Peripheral Timing Diagram — Best Case 
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90S) S253. S40 WW OW WW a OW Wa i a GW WW, CA OW OW Ae Oe WE SSB S750 


iS gama cae aaa é 
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ai le aes ce eee Se ee eee ey 
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= ee oe 
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© 
S) 
©) 
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VMA 





Data Out 


NOTE: This ming diagram 1s included for those who wish to design their own circuit to generate VMA. It shows the worst case possibly attainable. 


Figure 8-9. TS68008 to 6800 Peripheral Timing Diagram — Worst Case 


8.8 AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION 
(Vcc =5.0 Vde + 5%; GND=0 Vdc; Ta=T_ to TH; see Figures 8-10, 8-11, and 8-12) 


Symbol 


7 | Clock High to Address, Data Bus High Impedance ‘cHaoz | —_| 
Clock High to Control Bus High Impedance tCHCZ ex 








[@y) 





~ 33. | Clock High to BG Low tCHGL 















35 | BR, Low to BG Low BRLGL | 1-5 |90ns] 1.5 |80ns} 1.5 | 80ns|Clk.Per 
+3.5 +35 +3.5 

36! | BR High to BG High BRHGH | 1-5 |90ns]| 1.5 |80ns| 1.5 |80ns|Clk.Per 
+3.5 +35 +3.5 

O7 80ns| 1.5 | 80ns|Clk.Per 
+35 + 3.5 








i ; 
BGACK Low to BG High (52-Pin Version Only) tGALGH | 1.5 | 90ns| 1.5 , 
+3.5 
37A2 | BGACK Low to BR High (52-Pin Version Only) tGALBRH| 207) 15 | 20 | 15 | 20 | 1.5 ns 
Clocks Clocks Clocks 
: 


8 | BGLowto Control, Address, Data Bus High Impedance (AS High) ‘GLZ eae 





reo [— [ml] 0] ~ 
re [aswanren gs 08 | PP | four 
[a6 | BGACK With tow G2 Vos Om) ga PS | ts | [18 | don 
2 apemimionie ae eet al a | 
68' | BG High to Control Bus Driven Tiguao | 15] — [15 | - | 15 | - [ckPer 





NOTES : = — = 
1. For processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK. 


2. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted. 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the tim- 
ing specifications. They are not intended as a functional description of the input and output signals 
Refer to other functional descriptions and their related diagrams for device operation. 


CLK 








FCO-FC2 


A0-A19 


DO-D?7 


NOTE: 
1. 52-Pin Version of TS68008 Only. 


Figure 8-10. Bus Arbitration Timing — Idie Bus Case 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the tim- 
ing specifications. They are not intended as a functional description of the input and output signals. 
Refer to other functional descriptions and their related diagrams for device operation. 


SO. Sit S2 








FCOFC? — 
A0-A19 


DO 07 
NOTE 
1. 52-Pin Version of TS68008 Only. 


Figure 8-11. Bus Arbitration Timing — Active Bus Case 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the tim- 
ing specifications. They are not intended as a functional description of the input and output signals. 
Refer to other functional descriptions and their related diagrams for device operation. 


CLK 








FCO CO? 


A0-A19 


DO D7 


NOTE 
1. 52-Pin Version of TS68008 Only. 


Figure 8-12. Bus Arbitration Timing — Multiple Bus Requests 
(52-Pin Version Only) 
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SECTION 9 
ORDERING INFORMATION 


This section contains detailed information to be used as a guide when ordering the TS 680008 


9.1. STANDARD VERSIONS 









Part Number 






Temperature 
Range 


Frequency 
(MHz) 





Package Type 












O°C to + 70°C TS 68008 CC8 














Ceramic DIL 







C Suffix —40°C to + 85°C TS 68008 VC8 
0°C: to: + 70°C TS 68008 CC10 
—40°C to + 85°C TS 68008 VC10 


—40°C to + 86°C TS 68008 VC12 





Plastic DIL : 0°C to + 70°C TS 68008 CP8 
Pountix —40°C to + 85°C TS 68008 VP8 
=0°C 16. 70°C TS 68008 CP 10 
—40°C to + 85°C TS 68008 VP10 
=O" to 70-6 TS 68008 CP12 


PLCC —0°C to + 70°C TS 68008 CFN8 
FN Suffix 


9.2. HI-REL VERSIONS 
In order to fit more closely to customer specific requirements, THOMSON SEMICONDUCTEURS is proposing different screening levels 
for its HI-REL ranges. 


G/B screening : Available only from THOMSON SEMICONDUCTEURS, this quality level, very close to the MIL-STD-883, is a 
cost effective alternative for customers who want to buy HI-REL devices (iow guaranteed AQL). The G/B level is in 
full accordance with the NFC 96883 class G. 


B/B screening : Full accordance with the MIL-STD-883 Rev.C, class B (US), the CECC 90.000, class B (European) and with the 
NFC 96883 class B (French). 


Details on screening procedures for these levels of selection are available on request (please contact ou sales representatives). 











Package Type Frequency Temperature Part Number 
(MHz) Range 


Ceramic DIL —40°C to + 85°C TS 68008 VCG/B8 
C Suffix —40°C to + 85°C TS 68008 VCG/B10 
—40°C to + 85°C TS 68008 VCG/B12 
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SECTION 10 
MECHANICAL DATA 


This section contains the pin assignments and package dimensions for the TS68008. 


10.1 PIN ASSIGNMENTS 


48-Pin Dual-in-Line 
(Top View) 


52-Pin Quad Pack (PLCC) 
(Top View) 
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10.2 PACKAGE DIMENSIONS 


CB-229 





{1) Nominal dimension 
(2) True geometrical position 





P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 


C SUFFIX 
CERAMIC PACKAGE 





J SUFFIX 
CERDIP PACKAGE 


CB-522 













Pin tidentification 


19.950 


WS 










u 





ok 
PAL 


FN SUFFIX 
PLCC 52 





Y 


MO-047-AD CB8-522 
D.A.T.A. JEDEC SITELESC 
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THOMSON 


COMPONENTS 


MK68200 16-BIT 


A - MK68201/MK68E201/MK68211/MK68E211/MK68E221 


MOSTEK 


FEATURES 


L] 16-bit, high performance, single-chip microcomputer 


(114 address and data registers 
— Eight 16-bit or sixteen 8-bit data registers 
— Six 16-bit address registers 


[] Advanced 16-bit instruction set 
— Bit, byte, and word operands 
— Nine addressing modes 
— Byte and word BCD arithmetic 


L] High performance (6 MHz instruction clock) 
— 500 ns register-to-register move or add 
— 35 ws 16 x 16 multiply 
— 40 us 32/16 divide 


L} Available with 0, 4K (2K x 16) of ROM 
[) 256 (128 x 16) or 512 (256 x 16) byte RAM 


L] Up to 1K byte RAM on MK68E221 


(] Three 16-bit timers 
— Interval modes 
— Event modes 
— One-shot modes 
— Pulse and period measurement modes 
— Two input and two output pins 


[| Serial channel 
— Double-buffered receive and transmit 
— Asynchronous to 375 Kbps 
— Synchronous to 1.5 Mbps 
— Address wake-up recognition and generation 
— Internal/external baud rate generation 


L] Parallel I/O 
— Up to 40 pins 
— Direction programmable by bit 
— One 16-bit or two 8-bit port(s) with handshaking 


LJ Interrupt controller 
— 16 independent vectors 
— Eight external interrupt sources 
— One non-maskable interrupt 
— Individual interrupt masking 


L] Optional external bus 
— 16-bit, multiplexed address/data bus 
— Automatic bus request/grant arbitration 
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Figure 1. MK68200 


— Two control bus versions: 
e 68000-compatible bus (UPC) 
¢ General Purpose Bus (GP) 


L] 8 and 12 MHz time base versions produce 4 and 6 
MHz instruction clock rates, respectively. 
— Crystal or external TTL clock 


C] Single +5 volt power supply 
(| DIP, chip carrier or pin-grid packaging 


GENERAL DESCRIPTION 


MK68200 designates a series of new, high-performance, 
16-bit, single-chip microcomputers from Thomson - 
Mostek. Implemented in Scaled Poly-5 NMOS, they in- 
corporate an architecture designed for superior perfor- 
mance in computation-intensive control applications. A 
modern, comprehensive instruction set (which features 
both high speed execution and code space efficiency) 
is combined on-chip with extensive, flexible I/O capa- 
bilities. On-chip RAM and optional on-chip ROM are 
provided within a full 64K byte addressing space. 


PORT 


ovr NWP TF OD YS DO © 


Vec 
GND 


RESET 
CLKOUT 
CLK1 
CLK2 
NMI 
MODE 


Figure 3. MK68200 Single-Chip Pin Assignment (48-Pin DIP) — 


MK68200 


P1-8 
P1-9 
P1-10 
P1-11 
P1-12 
P1-13 
P1-14 
P1-15 
P4-8/RDYL 
P4-9/RDYH 
P4-10/STRL 
P4-11/STRH 
MODE 
CLK2 
CLK1 
CLKOUT 
PO-15 
PO-14 
PO-13 
PO-12 
PO-11 
PO-10 
PO-9 
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2 
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7 
8 
9 


10 
"1 
12 
13 
14 
15 
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17 
18 
19 
20 
21 
22 
23 
24 
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13 
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1 
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xi2 
x1 


x10 
Si 
RCLK 
TCLK 


so 


TAO 
TBO 
TAI 
TBI 


STRH 
STRL 

RDYH 
RDYL 





EXTERNAL 
INTERRUPTS 


SERIAL 


TIMERS 


PORTO 
HANDSHAKE 


St | ee ae ae, 


Vee 

P1-7 
P1-6/XI2 
P1-5/XH 
P1-4/X10 
P1-3/St 
P1-2/RCLK 
P1-1/TCLK 
P1-0/SO 
NMi 
RESET 
P4-12/TBI 
P4-13/TAi 
P4-14/TBO 
P4-15/TAO 
Po-0 

Po-1 

P0-2 

Po-3 

Po-4 

PO-5 

PO-6 

PO-7 

PO-8 





PORT 


PORT 








The MK68200 is designed to serve the needs of a wide 
variety of control applications, which require high per- 
formance operation with a minimal parts count imple- 
mentation. Industrial controls, instrumentation, and 
intelligent computer peripheral controls are all examples 
of applications served by the MK68200. High speed 
mathematical ability, rapid I/O addressing and interrupt 
response, and powerful bit manipulation instructions 
provide the necessary tools for these applications. In 
addition to its single-chip microcomputer configuration, 
both distributed intelligence and parallel multipro- 
cessing system configurations are supported by the 
MK68200, as illustrated in Figures 13 and 14. 


In applications requiring loosely-coupled distributed 
intelligence, several MK68200’s may be interconnect- 
ed on a common serial network. The on-chip USART 
supports a wake-up mode in which an additional bit is 
appended to the data stream to distinguish a serial data 
word as address or data. The wake-up logic prevents 
the serial channel from generating interrupts unless cer- 
tain criteria have been met. The wake-up options avail- 
able are: Wake-up on any address or data character, 
wake-up on any address, or wake-up on address match. 


Alternately, the MK68200 may be configured as an 
expandable CPU device which can access external 
memory and I/O resources. In this operating mode, 
parallel 1/O pins are replaced by multiplexed address/ 
data and control lines. Bus arbitration logic is incorpor- 
ated on the chip to support a direct interface in parallel 
shared bus multiprocessor system configurations. Two 
versions exist which support two types of control sig- 
nals present on the expanded bus configuration. The 
General Purpose (GP) bus option allows the MK68200 
to operate either as an executive or a peripheral proces- 
sor. As an executive procesor, the MK68200 can control 
an external system bus and grant the use of it to 
requesting devices, such as DMA controllers and/or per- 
ipheral processors. As a peripheral control processor, 
the MK68200 can provide intelligent local control of an 
I/O device in a computer system and, thereby, relieve 
the executive processor of these tasks. In this configu- 
ration, the MK68200 has the capability of effectively per- 
forming DMA transfers between system memory and 
the I/O device. The on-chip resources of ROM, RAM, 
and I/O are accessed within the MK68200 without af- 
fecting utilization of the shared system bus. Therefore, 
only external communications compete for bus 
bandwidth. 


The Universal Peripheral Controller (UPC) bus option 
supports a direct interface to a 68000 executive proces- 
sor. Thus, the MK68200 can be used as a cost-effective, 
intelligent peripheral controller in 68000 systems. The 
UPC version’s direct bus interface to the 68000 makes 
the MK68200 particularly well-suited for performing 
many intelligent I/O functions in a 68000 system. For 
example, since the MK68200 includes both a serial 
channel and an external bus capable of performing 
DMA transfers, it can be programmed to act as 


serial protocol controller with DMA capability, as shown 
in Figure 4. 


Table 1 summarizes the specific MK68200 device types 
that are discussed in this data sheet. A complete guide 
to the part numbering scheme used throughout this 
document may be found in the Ordering Information 
section. All MK68200 devices retain most of the 1/O 
features when they are used in the expanded bus 
mode; however, 24 pins of parallel I/O are sacrificed 
when this mode is used. When the expanded bus mode 
is selected, the MK68201/XX generates UPC 
(68000-compatible) control signals, while the 
MK68211/XX generates GP control signals. Also avail- 
able are 84-pin emulator versions of these devices that 
do not have on-chip ROM, but instead have additional 
pins to support a second complete address/data bus 
to access off-chip ROM, RAM, EPROM, or I/O devices. 
This bus is referred to as the private bus and is not 
bonded out on 48-pin versions. 


For additional information on the MK68200, refer to the 
MK68200 Principles of Operation Manual, publication 
number 4420399. 


SINGLE-CHIP DESCRIPTION 


Figure 2 illustrates the functions of specific pins for an 
MK68201 or MK68211, operating in a single-chip mode. 
When the device is operating in one of the expanded 
bus modes, the pins on Port 0 become the multiplexed 
address/data bus, and the upper half of Port 1 becomes 
the control signals (GP or UPC) for the bus. The 
following description applies to the pins only when the 
device is used in the non-expanded or single-chip 
mode. Descriptions of the pin functions for the 
expanded bus modes are in the Expanded Bus Opera- 
tion section of this data sheet. 


Vcc: GND 

(Power, Ground) 
Power Supply pins. 
(single +5 V) 


RESET 

Input, active low. RESET input overrides ongoing exe- 
cution (including interrupts) and resets the chip to its 
initial power-up condition. RESET cannot be masked. 





CLKOUT 

(Clock Output) 

Output. CLKOUT will output the instruction clock rate, 
which is one-half of the frequency provided on CLK1 
and CLK2. 


CLK1, CLK2 

(Time base Inputs) 

Inputs. CLK1 and CLK2 may be connected to a crystal, 
or CLK1 may be connected to an external TTL- 
compatible oscillator while CLK2 is left floating. The 
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Figure 4. Serial DMA Controller 


Table 1. Device Type Summary 


Expanded ROM 
Device Type Bus Version (Bytes) 


MK68201/04 
MK68201/44 

-MK68E201/04 
MK68211/04 
MK68211/44 
MK68E211/04 
MK68E221/0C 


UPC/GP 


instruction clock rate is one-half of the frequency 
provided on CLK1 and CLK2. 


NMI 

(Non-Maskable Interrupt) 

Input, active low, negative edge triggered. The NMI 
request line has a higher priority than all of the mask- 
able interrupts. NMI is always enabled regardless of the 
state of the L1E (Level 1 Interrupt Enable) bit in the Sta- 
tus Register. 


MODE 
Input. The MODE pin is used to configure the MK68200 
on power-up and reset to one of the following states: 


Mode Pin 
Voc - No expansion (single chip mode) 
GND __ - Partial Expansion 

CLKOUT - Full Expansion 


PQ-0 - PQO-15 

(Port 0) 

Input/Output. Each bit in Port O may be individually 
programmed for general purpose input or output. Port 
0 also has several handshaking modes to allow parallel, 
asynchronous communication with other devices. The 
high and low bytes may be programmed individually or 
jointly to be inputs, outputs, or bidirectional. 


P1-0 - P1-15 

(Port 1) 

Input/Output. Each of the 16 bits in Port 1 may be indi- 
vidually programmed for input or output. Additionally, 
the lowest seven bits of Port 1 may be programmed to 
serve specific alternate functions, as listed below. 


RAM 
(Bytes) 


48-pin DIP 

48-pin DIP 

84-pin LCC 

48-pin DIP, 52-pin PLCC 
48-pin DIP, 52-pin PLCC 
84-pin LCC 

84-pin LCC, PGA 





P1-6/X12 

(External Interrupt 2) 

Input, rising or falling edge triggered. The programmer 
may select the rising or falling edge as active for X12. 


P1-5/X11 

(External Interrupt 1) 

Input, fixed falling edge triggered. The XI1 interrupt may 
be used to interrupt the MK68200 on the falling edge 
of an input pulse. 


P1-4/XI0 

(External Interrupt 0) 

Input, low level triggered. The XIO interrupt input is level- 
triggered (unlike X11, X12). It may be used to produce 
an internally vectored interrupt or to cause an external 
fetch of an interrupt vector number when the MK68200 
is used in an expanded mode with the GP bus. 


P1-3/SI 

(Serial Input) 

Input, active high. SI is used to input receive serial data 
when the receiver is enabled. 


P1-2/RCLK 

(Receive Clock) 

Input/Output, active high. Depending on the mode 
programmed, RCLK can be used by the serial port as 
either an input or an output pin. When used as an in- 
put pin, RCLK provides the receive clock and/or the 
transmit clock. When RCLK is not providing the trans- 
mit or receive clock, it can be used as an output for 
Timer C. in this mode, the receive clock is being provid- 
ed by Timer C. 
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P1-1/TCLK 

(Transmit-Clock) 

Input/Output, active high. Depending on the mode 
programmed, TCLK can be used by the serial port as 
either an input or an output pin. When used as an in- 
put pin, TCLK provides the transmit clock. When TCLK 
is not providing the transmit clock, it can be used as 
an output for Timer C. In this mode, the transmit clock 
is being provided by either Timer C or RCLK. 


P1-1/SO 

(Serial Output) 

Output, active high. SO is used to output transmit seri- 
al data when the transmitter is enabled. 


P4-8 - P4-15 

(Port 4) 

Inputs and Outputs. P4-8, P4-9, P4-14, and P4-15 may 
be used as general purpose outputs, and P4-10, P4-11, 
P4-12, and P4-13 may be used as general purpose in- 
puts. Interrupts may be generated on the positive tran- 
sitions on P4-10 and P4-11. Depending on the mode 
selected, interrupts may be generated on the positive 
or negative transitions on P4-12, or they may be gener- 
ated on the positive, negative, or combined transitions 
on P4-13. Additionally, these bits may be programmed 
to serve specific alternate functions, as listed below. 


P4-15/TAO 

(Timer A Output) 

Output. TAO may be programmed for special functions 
in the interval, event, and pulse modes for Timer A. In 
the interval mode, TAO’s state is determined by the 
Timer A latch (high or low) that is currently active. That 
is, if the counter is using the high latch for comparison, 
TAO is high. If the counter is using the low latch for com- 
parison, TAO is low. In the event mode, TAO is initial- 
ized to a “1” state and toggles each time the counter 
matches the Timer A high latch. In the pulse/period 
modes, TAO is initiated to a ‘1’ state and toggles on 
positive transitions on TAI. 


P4-14/TBO 

(Timer B Ouput) 

Output. TBO may be programmed for special functions 
in the interval and one-shot modes for Timer B. In the 
interval mode, TBO is initialized to a “1” state and tog- 
gles each time the counter matches the Timer B latch 
value. In the one-shot modes, TBO is initialized to a “1” 
state, and the counter begins counting in response to 
the occurrence of an active edge on TBI. TBO will not 
go low until the counter matches the value loaded into 
the Timer B latch. 


P4-13/TAI 

(Timer A Input) 

Input, positive and/or negative edge triggered. TAI may 
be programmed for special functions in the event mode 
or pulse/period modes for Timer A. In the event mode, 
the counter is incremented on each active transition 


(positive or negative edge programmable) on TAI. In the 
pulse/period modes, the counter measures the time dur- 
ing which the signal on TAI remains high and low. 


P4-12/TBI 

(Timer B Input) 

Input, positive or negative edge triggered. TBI may be 
programmed for special functions for the Timer B one- 
shot modes. In the one-shot modes, TBI acts as a trig- 
ger input. 


P4-11/STRH, P4-10/STRL 

(Strobe High Byte, Strobe Low Byte) 

Input, active high. STRH and STRL are both used for 
input, output, and bidirectional handshaking on Port 0. 


1) Output mode: The positive edge of this strobe 
is issued by the peripheral to acknowledge the 
receipt of data made available by the MK68200. 


2) Input mode: The strobe is issued by the peripheral 
to load data from the peripheral into the Port 0 in- 
put register. Data is latched into the MK68200 on 
the negative edge of this signal. 


3) Bidirectional mode: When the STRH signal is 
active, data from the Port 0 output register is gated 
onto the Port 0 bidirectional data bus. 


The negative edge of STRH acknowledges the receipt 
of the output data. The negative edge of the signal ap- 
plied to the STRL signal is used to latch input data into 
Port 0. 


P4-S/RDYH, P4-8/RDYL 

(Ready High Byte, Ready Low Byte) 

Output, active high. RDYH and RHYL are used for in- 
put, output, and bidirectional handshaking on Port 0. 


1) Output mode: The ready signal goes active to indi- 
cate that the Port 0 output register has been load- 
ed, and the peripheral data is stable and ready for 
transfer to the peripheral device. 


2) Input mode: The ready signal is active when the 
Port 0 input register is empty and is ready to accept 
data from the peripheral device. 


3) Bidirectional mode: The RDYH signal is active wnen 
data is available in Port 0 output register for trans- 
fer to the peripheral device. In this mode, data is 
not placed on the Port 0 data bus unless STRH is 
active. The RDYL signal is active when the Port 0 
input register is empty and is ready to accept data 
from the peripheral device. 


PROCESSOR ARCHITECTURE 
The MK68200 microcomputer contains an advanced 


processor architecture, combining the best properties 
of both 8- and 16-bit processors. A large majority 
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of instructions operate on either byte or word operands. 
Figure 5 summarizes the internal architecture of the 
MK68200. 


REGISTERS 


The MK68200 register set includes three system 
registers, six address registers, and eight data registers. 
The three 16-bit system registers (Figure 6) include a 
Program Counter, a Status Register, and a Stack 
Pointer. The six address registers may be used 
either for 16-bit data or for memory addressing. The 
eight 16-bit data registers are used for data and may 
be referenced as sixteen 8-bit registers, providing great 
flexibility in register allocation. 


ADDRESSING 


The MK68200 directly addresses a 64K byte memory 
space, which is organized as 32K 16-bit words. The 
memory is byte-addressable, but most transfers occur 
16 bits at a time, for increased performance over 8-bit 
microcomputers. All input/output is memory-mapped, 
and the on-chip I/O is situated in the top 1K bytes of 
the address space. In the single-chip mode, all 
resources including ROM, RAM, and I/O, are accessed 
via an internal or private bus. The memory map, which 
is accessed by this bus in the single-chip mode, is 
depicted in Figure 7. Note on-chip RAM always begins 
at $FBFF and extends downward. ROM always begins 
at zero and extends upward. 


Nine addressing modes provide ease of access to data 
in the MK68200, as depicted in Table 2. The four register 
indirect forms utilize the address registers and the Stack 
Pointer and support many common data structures such 
as arrays, stacks, queues, and linked lists. I/O Port 
addressing is a short form addressing mode for the first 
16 words of the I/O port space and allows most instruc- 


tions to access the most often referenced I/O ports in 
just one word. Many microcomputer applications are 
I/O intensive and short, fast addressing of I/O has a 
significant impact on performance. 


INSTRUCTION SET 


The MK68200 instruction set has been designed with 
regularity and ease of programming in mind. In addi- 
tion, instructions have been encoded to minimize code 
space, a feature which is especially important in single- 
chip microcomputers. Small code space is related to 
execution speed, and most instructions execute in either 
three or six instruction clock periods. (An instruction 
clock period is equal to 167 ns with a 6 MHz instruction 
clock). See Table 3. 


In addition to operations on bytes and words, the 
MK68200 has rapid bit manipulation instructions that 
can operate on registers, memory, and ports. The bit 
to be affected may be an immediate operand of the in- 
struction, or it may be dynamically specified in a 
register. Operations available include bit set, clear, test, 
change, and exchange; and all bit operations perform 
a bit test as well. Since each instruction is indivisible, 
this provides the necessary test-and-set function for the 
implementation of semaphores. 


The MOVE group of instructions has the most exten- 
sive capabilities. A wide variety of addressing mode 
combinations is supported including memory-to- 
memory transfers. A special move multiple is included 
to save and restore a specified portion of the registers 
rapidly. 


In total, the MK68200 instruction set provides a 
programming environment, similar to the 68000, which 
has been optimized for the needs of the single-chip 
microcomputer marketplace. A summary of the instruc- 
tion set is provided in Table 4. 


Table 2. Addressing Modes 


Register 


Register Indirect 


Register Indirect with Post-increment 
Register Indirect with Pre-decrement 


Register Indirect with Displacement 
Program Counter Relative 

Memory Absolute 

Immediate 
1/0 Port 
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Figure 5. MK68200 Block Diagram 


-—oHo 


PORT 0 


HANDSHAKE 


xrzvie 
rywae 


EXTERNAL 
INTERRUPT 


LOGIC 


CLOCK 


GENERATOR 


x<onp 








-<on 


CLK1 
CLK2 
CLKOUT 





3-197 


DATA REGISTERS: 





ADDRESS REGISTERS: 


16 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


SYSTEM REGISTERS: 


15 


15 


14 


14 


13 


13 


12 





11 


USER DEFINED RESERVED N , Zz V Cc 
7 6 5 4 3 2 


10 9 8 


LEVEL 1 INTERRUPT 
ENABLE 


Figure 6. Register Set 
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1 ie) 


NEGATIVE 
ZERO 
OVERFLOW 
CARRY 


DS 


D6 


D7 


AO 


Al 


A3 


A4 


AS 








ADDRESS CONTENTS 
SFFFF 
FUTURE I/O EXPANSION AREA 
(RESERVED) 
$FC28 
FC27 
PORTS sett PORT 0 THROUGH PORT 19 
$FBFF 
$F800 ON-CHIP RAM (UP TO 1024 BYTES) 
FUTURE RAM AND 
ROM EXPANSION 
$2000 
$1FFF 
ON-CHIP ROM 
(UP TO 8192 BYTES) 
$0020 
$0000 VECTORS 


Figure 7. Addressing Space For Single-Chip Configuration 











Table 3. Instruction Execution Times 
























































Execution Time 
Clock with 6 MHz 
Instruction Type Periods Clock (us) 
ee eae eee 7 eee 
Move Register-to-register 3 0.5 | 
Add Register-to-register (binary or BCD) 0.5 
Move Memory-to-register 1.0 
Add Register-to-memory 1.5 | 
Multiply (16 x 16) 21 3.5 
Divide (32/16) 23 : 3.84 | 
— 4 po coat eee ei 
Move Multiple (Save or restore all registers) 55 9.2 
B ieee 
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ADD 
ADD.B 
ADDC 
ADDC.B 
AND 
AND.B 
ASL 
ASL.B 
ASR 
ASR.B 
BCHG 
BCLR 
BEXG 
BSET 
BTST 
CALLA 
CALLR 
CLR 
CLR.B 
CMP 
CMP.B 
DADD 
DADD.B 
DADDC 
DADDC.B 
DI 
DIVU 
DJNZ 


DJNZ.B 


DNEG 
DNEG.B 
DNEGC 
DNEGC.B 


DSUB 
DSUB.B 
DSUBC 
DSUBC.B 


E| 
EOR 
EOR.B 
EXG 
EXG.B 
EXT 


Table 4. Instruction Set Summary 


INSTRUC- INSTRUC- 
TION DESCRIPTION TION DESCRIPTION 




































































ADD HALT 
ADD BYTE JMPA 
ADD WITH CARRY JMPR 
ADD WITH CARRY BYTE LIBA 
LOGICAL AND LIWA 
LOGICAL AND BYTE | LSR 
ARITHMETIC SHIFT LEFT LSR.B 
ARITHMETIC SHIFT LEFT BYTE MOVE 
ARITHMETIC SHIFT RIGHT MOVE.B 
ARITHMETIC SHIFT RIGHT BYTE MOVEM 
BIT CHANGE MOVEM.B 
BIT CLEAR MULS 
BIT EXCHANGE MULU 
BIT SET NEG 
BIT TEST NEG.B 
CALL ABSOLUTE NEGC 
CALL RELATIVE NEGC.B 
CLEAR NOP 
CLEAR BYTE NOT 
COMPARE NOT.B 
COMPARE BYTE OR 
DECIMAL ADD OR.B 
DECIMAL ADD BYTE POP 
DECIMAL ADD WITH CARRY POPM 
DECIMAL ADD WITH CARRY BYTE PUSH 
DISABLE INTERRUPTS PUSHM 
DIVIDE UNSIGNED RET 
DECREMENT COUNT AND JUMP RETI 

IF NON-ZERO ROL 
DECREMENT COUNT BYTE AND ROL.B 
JUMP IF NON-ZERO ROLC 


_ DECIMAL NEGATE 
DECIMAL NEGATE BYTE 


ROLC.B 








DECIMAL NEGATE WITH CARRY ROR 
DECIMAL NEGATE WITH CARRY ROR.B 
BYTE RORC 


DECIMAL SUBTRACT 
DECIMAL SUBRTRACT BYTE 


RORC.B 











DECIMAL SUBTRACT WITH CARRY | SUB 
DECIMAL SUBTRACT WITH CARRY | SUB.B 
BYTE SUBC 
ENABLE INTERRUPTS SUBC.B 
EXCLUSIVE OR TEST 
EXCLUSIVE OR BYTE TEST.B 
EXCHANGE TESTN 
EXCHANGE BYTE TESTN.B 


EXTEND SIGN 
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HALT 
JUMP ABSOLUTE 

JUMP RELATIVE 

LOAD INDEXED BYTE ADDRESS 
LOAD INDEXED WORD ADDRESSED 
LOGICAL SHIFT RIGHT 

LOGICAL SHIFT RIGHT BYTE 
MOVE 

MOVE BYTE 

MOVE MULTIPLE REGISTERS 
MOVE MULTIPLE REGISTERS BYTE 
MULTIPLY SIGNED 

MULTIPLY UNSIGNED 

NEGATE 

NEGATE BYTE 

NEGATE WITH CARRY 

NEGATE WITH CARRY BYTE 

NO OPERATION 

ONE’S COMPLEMENT 

ONE’S COMPLEMENT BYTE 
LOGICAL OR 

LOGICAL OR BYTE 

POP 

POP MULTIPLE REGISTERS 
PUSH 

PUSH MULTIPLE REGISTERS 
RETURN FROM SUBROUTINE 
RETURN FROM INTERRUPT 
ROTATE LEFT 

ROTATE LEFT BYTE 

ROTATE LEFT THROUGH CARRY 
ROTATE LEFT THROUGH CARRY 
BYTE 

ROTATE BYTE 

ROTATE RIGHT BYTE 

ROTATE RIGHT THROUGH CARRY 
ROTATE RIGHT THROUGH CARRY 
BYTE 

SUBTRACT 

SUBTRACT BYTE 

SUBTRACT WITH CARRY 
SUBTRACT WITH CARRY BYTE 
TEST 

TEST BYTE 
TEST NOT 
TEST NOT BYTE 


















































INPUT/OUTPUT ARCHITECTURE 


The I/O capabilities of the MK68200 are extensive, en- 
compassing timers, a serial channel, parallel I/O, and 
an interrupt controller. All of these devices are acces- 
sible to the programmer as ports within the top 1K bytes 
of the address space, and the most commonly ac- 
cessed ports may be accessed with the short port 
addressing mode. A description of these ports is given 
in Table 5. 








In total, 40 pins of the 48 are used for I/O, and their 
functions are highly programmable by the user. In par- 
ticular, many pins can perform multiple functions, and 
the programmer selects which ones are to be used. For 
example, TAl may be used as an input for Timer A, an 
interrupt source, or a general purpose input pin. The 
interrupt source may be selected simultaneously with 
either of the other functions. 











Table 5. Port Descriptions 









































BYTE- 
PORT ADDRESS  READ/WRITE ADDRESSABLE FUNCTION 
$FCOO READ/WRITE YES 16 EXTERNAL I/O PINS OR ADDRESS/DATA sia 
1 $FCO2 READ/WRITE YES 16 EXTERNAL I/O PINS (INCLUDING INTERRUPT, 
SERIAL /O PINS, AND BUS CONTROL) 
2  $FC04 = om (RESERVED) 
3 $FCO06 LOW BYTE: READ/WRITE YES SERIAL TRANSMIT (LOW BYTE) AND 
HIGH BYTE: READ RECEIVE (HIGH BYTE) BUFFER 
4  $FCO08 INPUTS: READ ONLY NO 8 EXTERNAL W/O PINS (TIMER CONTROL 
OUTPUTS: READ/WRITE AND PORT 0 HANDSHAKE CONTROL) 
5  $FCOA = = (RESERVED) 
6  $FCOC = ae (RESERVED) 
7 $FCOE READ/WRITE NO INTERRUPT LATCH REGISTER 
8  $FC10 READ/WRITE NO INTERRUPT MASK REGISTER 
9  $FC12 STATUS: READ ONLY NO SERIAL I/O RECEIVE CONTROL AND STATUS 
CONTROL: READ/WRITE 
10 $FC14 STATUS: READ ONLY NO SERIAL 1/0 TRANSMIT CONTROL AND STATUS 
CONTROL: READ/WRITE 
11 $FC16 READ GETS COUNTER NO TIMER B LATCH 
WRITE GOES TO LATCH 
12 $FC18 READ GETS COUNTER 
OR LATCH NO TIMER A, LOW LATCH 
WRITE GOES TO LATCH 
13. $FCIA READ GETS COUNTER 
OR LATCH NO TIMER A, HIGH LATCH 
WRITE GOES TO LATCH 
14. $FCIC READ/WRITE NO TIMER CONTROL, INTERRUPT EDGE SELECT 
15 $FCIE READ/WRITE NO PORT 0 HANDSHAKE MODE BITS, FAST/ 
STANDARD, BUS LOCK, BUS SEGMENT BITS 
16  $FC20 READ/WRITE NO PORT 0 DIRECTION CONTROL (DDRO) 
17 $FC22 READ/WRITE NO PORT 1 DIRECTION CONTROL (DDA1) 
18 $FC24 READ/WRITE NO SERIAL I/O MODE AND SYNC REGISTER 
19  $FC26 READ GETS COUNTER NO TIMER C LATCH 


WRITE GOES TO LATCH 
AND COUNTER 
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TIMERS 


The MK68200 includes three on-chip timers, each with 
unique features. They are denoted Timer A, Timer B, 
and Timer C. All three timers are a full 16 bits in width, 
and count at the instruction clock rate of the MK68200 
processor. Thus, this rate provides a resolution equal 
to the instruction clock period (tc) of the MK68200. 
The maximum count interval is equal to tc +216. For a 
6 MHz MK68200, a 167 nanosecond clock is provided 
with a maximum count interval of 10.945 milliseconds. 
Each timer has the capability to interrupt the proces- 
sor when it matches a predetermined value stored in 
an associated latch. 


Timer A is capable of operating in interval, event, or two 
pulse/period modes. There is one 16-bit counter and 
two 16-bit latches (high and low) associated with Timer 
A. Once Timer A is initialized in the interval mode, the 
counter is reset, then increments at the instruction clock 
rate until the value loaded into the high latch is reached. 
The counter is then reset, increments until the low latch 
value is reached, and the cycle is repeated. In the event 
mode, the counter is incremented for every active edge 
on TAI (programmable as positive or negative) until the 
value in the high latch is reached. The counter is then 
reset, and the cycle repeats. In the pulse/period modes, 
the times are measured during which the pulse applied 
stays high and low. The counter is reset on the occur- 
rence of any transition on TAI, and increments at the 
instruction clock rate until the occurrence of the next 
transition. The value in the counter at the end of the 
high level or low level time is loaded into the appropri- 
ate latch. Interrupts may be generated each time the 





counter reaches the high latch or low latch value in the 
interval mode or when the counter reaches the high 
latch in the event mode. Also, an interrupt is generated 
whenever the counter overflows. See the Pin Descrip- 
tion section of this data sheet for TAI and TAO functions 
in the various Timer A modes. 


Timer B is capable of operating in interval and one-shot 
modes. There is one 16-bit counter and one 16-bit latch 
associated with Timer B. In the interval mode, the coun- 
ter is initially reset and incremented at the instruction 
clock rate until the value in the latch is reached. The 
counter is then reset, and the cycle repeats. In the one- 
shot modes, the counter begins incrementing in 
response to an active transition (programmable as posi- 
tive or negative) on TBI. The counter is reset when the 
value in the Timer B latch is reached. In the 
retriggerable one-shot mode, active transitions on TBI 
always cause the counter to reset and begin increment- 
ing. In the non-retriggerable one-shot mode, active tran- 
sitions on TBI have no effect until the counter reaches 
the latch value. Interrupts may be generated each time 
the counter reaches the latch value. See the Pin 
Description section of this data sheet for TBI and TBO 
functions in the various Timer B modes. 


Timer C has a 16-bit down counter and latch associated 
with it and operates only in the interval mode. The out- 
put of Timer C toggles each time the counter value rolls 
over from 0 to the latch value and may be used to in- 
ternally supply the baud rate clock for the serial port. 
Also, an interrupt may be generated each time the coun- 
ter rolls over to the latch value. Timer C may be output 
on the TCLK pin (P1-3), depending on the mode 
programmed. 





Table 6. Timer Modes 










Modes 


Interval 
Event 










interval 
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Pulse Width and Period Measurement 


Retriggerable One-shot 
Non-retriggerable One-shot 


Interval 
Baud Rate Generation 


SERIAL CHANNEL 


The serial channel on the MK68200 (Figure 8) is a full- 
duplex USART with double buffering on both transmit 
and receive. Word length, parity, stop bits, and modes 





are fully programmable. The asynchronous mode sup- 
ports bit rates up to 375 Kbps, and the byte synchronous 
mode operates up to 1.5 Mbps. Either internal or exter- 
nal clocks may be used. 





P18 
(8:15) MODE REGISTER 


oi SYNC/ADDRESS REGISTER 








RECEIVE CONTROL & 


STATUS REGISTER Pe 
RECEIVE SHIFT ” 
REGISTER 
RECEIVE BUFFER PH3 

TRANSMIT BUFFER PL3 


TRANSMIT SHIFT 


REGISTER SO 


TRANSMIT CONTROL & 
STATUS REGISTER 


P10 


INTERNAL DATA BUS 


Figure 8. Serial Channel 
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In addition to the typical USART functions, the serial 
channel can operate in a special wake-up mode with 
a wake-up bit appended to each data word, as illustrated 
in Figure 9. This wake-up bit is used to differentiate nor- 
mal data words and special address words. The receiver 
can be programmed to receive only address words or 


STARTt 


only address words with a specific data value. In this 
way, the processor can be interrupted only when it 
receives its particular address and can then change 
mode to receive the following data words. Wake-up 
capability is especially useful when several MK68200 
microcomputers are interconnected on one serial link. 


PARITY WAKE-UP 


(OPTIONAL) | (OPTIONAL) 





tUSED IN ASYNCHRONOUS MODE ONLY 


Figure 9. Serial Frame Format 


PARALLEL 1/O 


Two 16-bit ports, PO and P1, may be used for parallel 
\/O. If individual bits are desired, each of the 32 bits may 
be separately defined as input or output. Bits may be 
grouped to provide the exact data widths desired. Port 
0 has the additional capability of operating under the 
control of external handshaking signals. Eight- or 
sixteen-bit sections of PO may be individually controlled 
as input, output, or bidirectional I/O. Two pairs of Ready 
and Strobe signals, which are available as program- 
mable options on Port 4, provide the necessary control. 


VECTOR NUMBER NAME 





0 RESET 


INTERRUPT CONTROLLER 


The MK68200 interrupt controller provides rapid service 
of up to 15 interrupt sources, each with a unique inter- 
nal vector. The lowest 16 words of the address space 
contain the starting addresses of the service routines 
of each potential interrupt source and reset, as shown 
in Figure 10. 


Interrupt sources and RESET are prioritized in the order 
shown in Figure 10, with RESET having the highest 
priority. NMI is the only non-maskable interrupt. All of 


NON-MASKABLE INTERRUPT 


2 SPARE 

3 EXTERNAL INTERRUPT 2 
4 STROBE LOW 

5 TIMER A OUTPUT 

6 TIMER A INPUT 

7 STROBE HIGH 

8 RECEIVE SPECIAL CONDITION 
9 RECEIVE NORMAL 

A EXTERNAL INTERRUPT 1 
B TIMER B OUTPUT 

Cc TIMER B INPUT 

D EXTERNAL INTERRUPT 0 
E TRANSMIT 

F TIMER C 


Figure 10. Interrupt and Reset Vectors 


MNEMONIC VECTOR LOCATION 

RESET | 0000 

NMI 0002 LEVEL 2 
SPARE 0004 

X12 0006 

STRL 0008 

TAO 000A 

TAI 000Cc 

STRH OOOE 

nee oon LEVEL 1 
RN 0012 

xI1 0014 

TBO 0016 

TBI 0018 

XtO OOTA 

XMT 001C 

Tc OO1E 


the other sources share an interrupt enable bit in the 
processor Status Register. This bit is automatically 
cleared whenever an interrupt is acknowledged. Also, 
each of these sources has a corresponding individual 
mask bit. This feature allows selective masking of par- 
ticular interrupts, including the ability to choose (with 
minimal software overhead) any priority scheme 
desired. In fact, 15 levels of nested priority may be 
programmed. 


EXPANDED BUS OPERATION 


When it is necessary to expand beyond the on-chip 
complement of RAM, ROM, or I/O, or when operation 
in a parallel multiprocessing system is desired, the 


MULTIPLEXED 
ADDRESS/ 
DATA 
BUS 


MK68200 


oOorF NW fF TD VY Oo CO 


Vec 
GND 
RESET 
CLKOUT 
CLK1 
CLK2 
NMI 
MODE 





ee Se ee 
o=- NM WS A HO 


on7r NW A THM NE DW © 


_ 
oi 


14 


MK68200 may be placed in an external bus mode. The 
MODE pin is used to select the expansion capability 
on reset. The MODE pin has three states, which select 
fully expanded external bus, partially expanded exter- 
nal bus, or no expanded bus (single-chip configuration). 
The MK68200 may also be reconfigured dynamically 
through software. In an expansion mode, Port 0 
becomes the 16-bit multiplexed, address/data bus, and 
eight bits from Port 1 become control signals which 
handle data transfer and bus arbitration. Sixteen lines 
are still available for I/O functions, including eight lines 
from Port 1 and all eight lines of Port 4. 


As shown in Figure 11, two different control bus versions 
are available: a Universal Peripheral Controller (UPC), 











UPC GP 
Cos LB 
UDS HB 
R/W R/iW 
BGACK os CONTROL 
BUS 
DTACK DTACK 
AS AS 
BG BUSIN 
BR BUSOUT PORT 
1 
X12 
“I EXTERNAL 
INTERRUPTS 
X10 
si 
ACLK SERIAL 
TCLK 
sO 
TAO 
TBO 
TIMERS 
TAI 
TBI PORT 
RIG 4 


Figure 11. MK68200 Logical Pinout Expanded Bus 
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which generates 68000-compatible signals, and a 
General Purpose (GP) bus, which can be used to inter- 
face to a wide variety of existing microprocessor buses. 
With the selection of an expanded bus mode, the 

















is a MK68200 can act either as a general purpose CPU chip 
BR BUSOUT 1 Voc (bus grant device) or as an intelligent peripheral I/O 
BG BUSIN 2 P1-7 controller to a host CPU (bus request device). These 
A AS 3 P1-6/X12 two system configurations are illustrated in Figures 13 
DTACK DTACK 4 P1-5/XI1 andeas 
BGACK DS 5 P1-4/X10 
R/W RW 6 P1-3/SI 
Ds HB O77 P1-2/RCLK With the GP bus option, the user may configure the 
CDS iB 8 P1-1/TCLK MK68200 in either of the two ways shown in Figures 
P4-8 9 P1-0/SO 13 and 14. As a host CPU (Figure 13), the MK68200 bus 
a . ae arbitration logic causes the device to act as the system 
a aa 56S bus grantor. In other words, the MK68200 would nor- 
MODE 13 P4-13/TAI mally have control of the system bus and would grant 
CLK2 14 P4-14/TBO its use to DMA devices or peripheral CPUs. Alternately, 
CLK1 15 P4-15/TAO the MK68200 may be configured as a peripheral CPU 
CLKOUT 16 ADO (Figure 14) that must issue a request to the bus grant 
ph . a device before being allowed to use the system bus. The 
ania. a6 AD3 selection of one of these two configurations is 
ADi2 20 AD4 accomplished by the P4-11 pin at reset time. During 
AD11 21 ADS5 reset, P4-11 serves as the R/G input (O=bus grantor, 
AD10 22 AD6 1 = bus requestor). Following reset and at all times 
ADS 23 AD7 during program execution, P4-11 may be used as a 
GND 24 AD8 





general purpose input pin. 


With the GP bus operating in the host CPU configura- 
tion, the MK68200 may be used to interface with 
external memory and I/O devices in a manner that is 
analogous to any general purpose microprocessor. 
Figure 12. MK68200 Expanded Bus Additionally, the MK68200 retains its on-chip RAM and 
I/O resources, with on-chip ROM as an option, 





MK68200 SYSTEM BUS 


BUS GRANT 
CPU 


ee | fo] Ge] Ce) Ge 
ROM PERIPHERAL 





VO 





TIMERS 
SERIAL I/O 
16 PARALLEL 
1/0 LINES 


Figure 13. Host CPU Hardware Configuration 
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OTHER CPU 





OPTIONAL 
ROM 
TIMERS 
SERIAL I/O 
16 PARALLEL 
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SYSTEM BUS 







a opaee OPTIONAL BUFFERS 
CONTROLLER 
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Figure 14. Peripheral 1/O Controller Configuration 


depending on the expansion configuration selected. 
BUSIN and BUSOUT are used to perform the bus 
arbitration handshake function, where BUSIN acts as 
the bus request input and BUSOUT as the bus grant 
output. 





In the full expansion configuration, any on-chip ROM 
is disabled, and program memory starting at location 
$0000 is located off-chip and is addressed via the 
expanded bus, as shown in Figure 15. In effect, the 
internal bus from locations $0000-$FAFF is mapped 
onto the external bus. In the partially expanded config- 
uration (Figure 16), on-chip ROM may be accessed on 
the internal bus. To gain greater addressability in the 
partial expansion configuration, a scheme is 
implemented to allow access of a full 64K-byte address 
space in four segments on the expanded system bus 
through the 16K byte “window” on the internal bus. 
Basically, the most significant two bits of address on 
the expanded bus are replaced with two user-defined 
segment bits available to the programmer in an internal 
1/O control port location. 


As a peripheral I/O controller, the MK68200 operates 
as a bus requestor that gains mastership of the system 
bus from the bus grant CPU. The GP bus version may 


be selected to implement this system configuration in 
cases where an interface to a general purpose CPU is 
desired. In this case, the BUSIN and BUSOUT lines are 
again used to perform the bus arbitration handshake 
function, where BUSOUT now acts as bus request out 
put, and BUSIN acts as bus grant input. In this con- 
figuration, the MK68200 can conceivably act as a com- 
plete peripheral !/O control subsystem on a single chip, 
with 16 lines of I/O and its on-chip ROM, RAM, timers, 
and serial I/O performing the necessary interface to 
the I/O device. The UPC bus version provides the 
peripheral |/O control function with a direct interface to 
a 68000 bus grant CPU. Note that the UPC bus ver- 
sion can operate only as a bus request device. Once 
the MK68200 has gained mastership of the system bus 
via the 68000 bus arbitration handshake lines (BR, BG, 
and BGACKk), it may proceed to perform DMA transfers 
and communicate with system memory or other I/O 
devices in the system. 











As in the case of the GP bus grant configuration, the 
portion of the internal (or private) bus address space 
that is mapped onto the expanded bus when the part 
is operating as either a GP or a UPC bus request device 
is determined by the expansion configuration selected. 
In the partial expansion bus requestor case, the 
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INTERNAL EXTERNAL SYSTEM 





SFFFF $FFFF 
$FCOO 
$FBOO 
$C000 $C000 
$8000 $8000 
VECTORS 
$0000 $0000 


Figure 15. Full Expansion Bus Grantor Memory Map 
(256 byte RAM version shown) 
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resulting memory map Is identical to that shown for the 
GP bus grant configuration in Figure 16. During the time 
the MK68200 is executing its programs from ROM and 
accessing internal RAM and I/O resources, the expand- 
ed bus is held in a tri-state condition. The bus arbitration 
logic within the MK68200 monitors each memory refer- 
ence to detect external bus addresses (referenced in 
segments via the 16K byte DMA window). Whenever 
such an external reference occurs, the logic automati- 
cally holds the processor in a wait state as it proceeds 
to obtain mastership of the bus. When use of the sys- 
tem bus is obtained, the processor is allowed to con- 
tinue the reference. This procedure is transparent to the 
programmer. In case of successive external references, 
the expanded bus is retained until an internal reference 
is encountered. 


Finally, if the on-chip resources are insufficient to per- 
form the control task in the bus requestor configuration, 
the internal bus address range (excluding on-chip RAM, 
I/O) may be mapped onto an external local bus, which 
is physically the same as the system bus but logically 
separated with bus buffers. This is the full expansion 
bus requestor configuration. The memory map for this 
configuration is shown in Figure 17. The bus arbitration 
sequence is performed only when the system bus is 
referenced through the DMA window. In this manner, 
the I/O subsystem is isolated from the host CPU. 


When operating as a bus request device, it is possible 
to retain the external bus for an indefinite duration by 
using a bus lock feature. This will help facilitate the 


transfer of large blocks of data. Thus, the on-chip bus 
arbitration logic allows (with a minimum of hardware and 
software overhead) a maximum of concurrent process- 
ing in parallel, multiprocessing configurations. The bus 
lock feature may be used by the MK68200 in a bus gran- 
tor mode to keep any peripheral from gaining master- 
ship of the bus. 


In any of the GP expanded bus modes, the MK68200 
may respond to peripheral devices on the expanded 
bus which generate an interrupt request on XI0. The 
MK68200 will obtain the XIO interrupt vector number 
from the requesting peripheral on the bus during an 
interrupt acknowledge cycle. When responding to an 
interrupt on XI0, the MK68200 will wait for the bus 
arbitration logic to gain control of the bus and then 
asserts neither HB nor LB while asserting AS to signify 
that an interrupt acknowledge cycle is in progress. 


Timing diagrams and design parameters for the read, 
write, and bus arbitration cycles are given in the AC 
Electrical Specifications section for both the GP and 
the UPC bus options. Bus timing for the interrupt 
acknowledge cycle is given for the GP device in the AC 
Electrical Specifications section. There is a user- 
programmable speed selection associated with the read 
and write cycles for both the UPC and GP mask option 
parts. A bit in an internal I/O port allows the user to 
select either the standard or the fast read/write cycle 
on the expanded bus. The standard bus cycle is four 
clock periods, while the fast bus cycle is three clock 
periods. 
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Figure 16. Partial Expansion Memory Map 
(256 byte RAM, 4K byte ROM version shown) 
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Figure 17. Full Expansion Bus Requestor Memory Map 
(256 byte RAM version shown) 
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EXPANDED BUS SIGNALS (Common for GP and 
UPC Options) 


R/W 

(Read/Write) 

Output, active high and low. R/W determines whether 
a read or a write is being performed during the current 
bus cycle. It is stable for the entire bus operation. A high 
signal denotes a read, and a low signal denotes a write. 


DTACK 

(Data Transfer Acknowledge) 

Input, active low. When the addressed device has either 
placed the requested read data on the bus or taken the 
write data from the bus, DTACK should be brought 
low to signify completion. The data portion of the bus 
cycle will be extended indefinitely until this signal is 
asserted. For systems using the GP bus, in which no 
devices need wait states, DIACK may be strapped low. 








AS 

(Address Strobe) 

Output, active low. AS is used to signify that the address 
is stable on the multiplexed bus. AS is high at the 
beginning of each bus cycle, goes low after the address 
has stabilized, and returns to the high state near the 
end of the bus cycle. 


UPC BUS SIGNALS 


UDS 

(Upper Data Strobe) _ 

Output, active low. UDS is used to signify the data por- 
tion of the bus cycle for the upper byte of the data bus. 
For read operations, UDS should be used by the exter- 
nal device to gate its most significant byte onto the 
multiplexed address/data bus. For writes, UDS signifies 
that the upper byte of the bus contains valid data to be 
written from the processor. 


LDS 

(Lower Data Strobe) | 

Output, active low. LDS is used to signify the data por- 
tion of the bus cycle for the lower byte of the data bus. 
For read operations, LDS should be used by the 
external device to gate its least significant byte onto the 
multiplexed address/data bus. For writes, LDS signifies 
that the lower byte of the bus contains valid data to be 
written from the processor. 


BR 

(Bus Request) 

Output, active low, open drain. BR goes low when the 
MK68200 requires external bus master status. 
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BG 

(Bus Grant) 

Input, active low. BG notifies that the MK68200 has 
been granted the external bus master status. 


BGACK 

(Bus Grant Acknowledge) 

Output, active low, open drain. The MK68200 will assert 
BGACK when it assumes mastership of the system bus. 





GP BUS SIGNALS 


P4-11 / R/G 

(Request/Grant) 

During reset, P4-11 serves as the R/G input (0 = bus 
grantor, 1 = bus requestor). Following reset, and at all 
times during program execution, P4-11 may be used as 
a general purpose input pin. 


DS 

(Data Strobe) = 

Output, active low. DS is used to signify the data por- 
tion of the bus cycle. For read operations, DS should 
be used by the external device to gate its contents onto 
the multiplexed address/data bus. For writes, DS signi- 
fies that valid data from the processor is on the bus. 


HB 

(High Byte) 

Output, active low. HB signifies that the upper byte of 
the data is to be read or written. HB remains active for 
the entire bus cycle. 


LB 

(Low Byte) 

Output, active low. LB signifies that the lower byte of 
the data bus is to be read or written. (Both HB and LB 
active imply that an entire word is to be read or writ- 
ten). LB remains active for the entire bus cycle. 


BUSIN 

(Bus Input) 

Input, active low. BUSIN provides either bus request or 
bus grant. When the MK68200 is the bus grant device, 
its BUSIN signal is a bus request input from a request- 
ing device on the bus. When the MK68200 is a bus 
request device, its BUSIN signal is a bus grant from the 
granting device on the bus. 








BUSOUT 

(Bus Output) 

Output, active low. BUSOUT provides the opposite 
function of BUSIN. When BUSIN is a bus request 
signal, BUSOUT is the corresponding bus grant, and 
vice versa. 








EMULATOR VERSION 


The emulator versions of the MK68200 are available in 
84-pin, leadless or leaded chip carrier packages or pin- 
grid array packages. Figure 18 illustrates the logical 
pinout of the emulator version. Table 1 summarizes the 
emulator parts described in this data sheet. The emu- 
lator versions have no on-chip ROM, but instead include 
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TAO 
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TAI 

TBI 
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STRL 
RDYH 
RDYL 
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GP 
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+ AVAILABLE ON MK68E221 (1K RAM VERSION) 


MK68E200 
EMULATOR 


VERSION 


© 


xi2 
xH1 


-asecond complete bus, referred to as the private bus. 


Vcc 





The private bus includes a multiplexed address/data 
bus as well as bus control signals. There are 22 pins 
associated with the private bus. All 40 I/O port pins that 
exist on the 48-pin versions are available to the user 
for configuration either as general purpose or special 
I/O pins, or as expanded bus pins. 


2 


CLKOUT 
CLK1 





GND 
RESET 
CLK2 
MODE 


15 
14 
13 
12 
11 
10 


8 PRIVATE BUS 
ADDRESS/ 
2 DATA 
6 
5 
4 
3 
2 
1 
0 
PBLB 
PBHB 
PBR/W PRIVATE 
BUS 
PBDTACK BanTAbL 


1 


xI0 
SI 
RCLK 
TCLK 
so 


Figure 18. MK68E200 Logical Pinout 
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PRIVATE BUS OPERATION 


The address/data lines and control signals that consti- 
tute the private bus are functionally equivalent to the 
internal signals used to access internal resources on 
the 48-pin versions of the MK68200. Thus, the private 
bus may be used to interface EPROM memory in 
emulating mask ROM versions of the MK68200. Alter- 
nately, any combination of ROM, RAM, and I/O may 
reside on the private bus. 


The address that is generated on the private bus is iden- 
tical to that which is internally generated for 48-pin ver- 
sions. When the part is used in a configuration that 
supports system bus addressing through the DMA win- 
dow, any references in this region of the memory map 
produce an address on the private bus identical to that 


specified by the programmer. In other words, the seg- 


ment bits have no effect on the private bus address. 
Write data appears on the private bus pins for all write 
operations, regardless of whether the reference is on- 
chip or off-chip. The MK68200 emulator version reads 
data from the private bus, unless data is read from on- 
chip RAM, I/O, or the external bus formed by the Port 
O and Port 1 I/O pins. 


The I/O port range of the memory map ($FCO0-$FFFF) 
is actually subdivided into space which is exclusively 
reserved for on-chip I/O ($FCOO-$FDFF) and space 
which is exclusively reserved for in-circuit-emulator, or 
AIM, use ($FEO0-$FFFF). The user should ensure that 
no external devices reside in the in-circuit-emulator area. 


The private bus interface is the same as that for the GP 
expanded bus. All read/write transfers made exclusively 
on the private bus are three clock periods, regardless 
of the state of the Fast/Standard (F/S) bus timing selec- 
tion bit. The user should ignore all activity on the pri- 





AMPLIFIER AMPLIFIER 
INPUT OUTPUT 


If it is desirable to ‘‘tune” the 
oscillator to a precise frequency, 
C, may be a variable capacitor. 


C, should be in the range of 
C, <0, 5 2C,. 


For a high frequency operation : 
C, = 5 - 10 pF C, = 10 pF typical 


SS C, = 20 pF typical 


Figure 19. Crystal Connection 
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vate bus while accesses are in progress on the 
expanded bus. Care should also be taken that no ex- 
ternal devices reside on the private bus in the memory 
space intended for expanded bus accesses. 


FUNCTION CODE PINS 


Function code pins will be available on some versions 
of the emulator to define the memory cycle currently 
being executed. They are valid during the time private 
bus address strobe (PBAS”) is active. The cycle types 
are interrupt, data fetch, branch, and program fetch. The 
branch cycle is defined as the first program fetch after 
a branch occurs. A branch can occur as a result of a 
jump or call instruction, or an interrupt. For internal in- 
terrupts, the interrupt cycles are defined as the two 
writes to the stack and the read of the vector location 
which occur during the interrupt acknowledge routine. 
For external interrupts, the interrupt cycles are defined 
as the 3 cycles above plus the read of the vector num- 
ber. The interrupt cycle is a special case of the data fetch 
cycle. The function code pins are defined below. 


TYPE OF CYCLE 


Interrupt 


Data Fetch 
Branch 
Program Fetch 





CRYSTAL SELECTION 


The wide frequency range of crystals that can be 
chosen for the MK68200 offers the user a large degree 
of flexibility. To aid in the selection of a suitable crystal, 
the suggestions shown in Figure 20 should be con- 
sidered by the user. The MK68200 offers an output pin 
that will provide a system clock signal at one-half of the 


crystal frequency. 


FREQUENCY RANGE 


1 MHz through 12.0 MHz 


SPECIFICATION 


PARALLEL RESONANCE 
FUNDAMENTAL MODE 
C, = 20 pF to 40 pF 

AT CUT 













Figure 20. Summary of Crystal Specifications 


ASSEMBLER DIRECTIVES 


Assembler Syntax 


Define constant [label:] DC[.size]*! expr {,expr} 





Define storage [label:] DS[.size]*1 expr 


| Drective 
Duplicate constant block [label:] DUP{[.size]"’ length, value 
END 


Generate module ID module__name: IDNT version, revision 
Disable object code generation 
Define absolute origin ORG 

EG 




























Eject a page in the listing 
Define register list REG[.size] 
Define relocatable program section! [section__name:]} SECTION = number 

External symbol definition XDEF symbol {, symbol} 


XREF External symbol reference XREF [sect no:] symbol - 
{,[sect no]: symbol} 








register list 





reg__list_name: 


















NOTES: 
1. size = .Bor W (byte or word size) MC Print macro calls (default) 
2. Options for the OPT directive include: NOMC Do not print macro calls 
CEX Print DC expansions MD Print macro definitions (default) 
NOCEX Do not print DC expansions (default) NOMD Do not print macro definitions 
CL Print conditional assembly directives (defauit) MEX Print macro expansions 
NOCL Do not print conditional assembly directives NOMEX Do not print macro expansions (default) 
CRE Print cross-reference table O Create object module (default) 
IMM.L Forces immediate operands for arithmetic instruc- NOO Do not create object module 
tions ADD, SUB, DADD, and DSUB to use the long STR Print code generated by structured statements 
instruction form NOSTR Do not print code generated by structured 
IMM.S Allows the assembler to select automatically the statements (default) 


short form of the arithmetic instructions for small 
immediate values (0-15) (default) 


3-215 


GENERAL SYMBOL DEFINITIONS 


SYMBOL GENERAL SYMBOL DEFINITIONS 


General Purpose Registers - DO-D7, A0-A5, SP, SR, 
DHO-DH7, DLO-DL7. 


Register Pairs - DO-D1, D2-D3, D4-D5, D6-D7, 
AO-A1, A2-A3, A4-A5. 


Address Registers - AO-A5, SP. 


3 











Pn Ports - PO-P15, PHO-PH3, PLO-PL3. 
CC Condition Code - See Table. 
dié6 16-Bit Address Displacement Field In Words. 


d 


— 
G@ 





13-Bit Address Displacement Field In Bytes. 


9-Bit Address Displacement Field In Bytes. 


8-Bit Address Displacement Field In Bytes. 


Immediate Data Field - x Number of Bits. 
Size Bit - ‘1’ = Word, ’0’ = Byte. 

4-Bit Register Field - See Table. 

4-Bit Port Field - See Table. 

3-Bit Address Register Field - See Table. 
PRTn 3-Bit Port Field - See Table. 





D 
m 
3 


= 
O 
Be) 
=) 


> 


Q 
ro) o!1//O a 


3-Bit Register Pair Field - See Table. 
Register Mask Field - See Table. 
Condition Code Field - See Table. 
3-Bit Class Field - See Table. 


wo 


2-Bit Class Field - See Table 
1-Bit Class Field—See Table 
Address Field - 16 Bits. 


Q 
ine) 


Immediate Data Field. 
3-Bit Shift Field-2 <n 
4-Bit Bit Select Field. 
Displacement Field. 

Byte Attribute. 

Word Attribute. 

Long Attribute. 

Short Attribute. 


Optional Field. 
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FIELD DEFINITIONS 


REGn| 4-Bit Register Map 


eitiael tees 








3-Bit Addr Reg Map 


Register Field 
| 000 
pee fe 














Bt | 8 | | 3 
Inc 
Word | SR SP A5 A4 A3 


Inc 
Dec 


DL2 | DH2 DH3 


CONDITION CODE TABLE 


Bit 
Field Description Test 


zero 
0000 Equal Z 


Condition 
Code 


i, 
B 
=z 


EQ 


olf 


Lower 
Carry Set 


LO? 
CS 0010 


VS 001 1 Overflow Set 
GE? 0 10 0| Greater than or Equal N .EOR. V 


GT? | 0101] Greater than | Z.AND. (N EOR. V) 


Not Equal 
Not Zero 





NZ 
PL 


HS? 
CC 


VC 
LT? 
LE? 
LS? 
T 


1000 
100 1 


. 
1010 Carry Clear C 
1011] Overtow Clear | 
1100 Less than N .EOR. V 
1110] — Loweror Same | C OR.Z 

111 1] Tue Always True 
NOTES: 


1. The assembler does not recognize the T and F condition codes. 
2. LT, LE, GT, and GE are used for unsigned conditions; LO, LS, HI, and 
HS are for unsigned conditions. 





m 


~, 
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H6 


DL7 


SR 


DLO 


DH7 








INSTRUCTION CLASS FIELDS 










- 3-Bit Field - 2-Bit Field - 1-Bit Field 
Bit Shift Bit! Bit Logical Bit Neg? 
Field Instr Instr cre Instr Field Instr Instr 





BSET | 00 | 


BCHG 
010 BCLR 
sist | 11 | sup | — 
ASR 
nels 10 
a te BEXG 


NOTES: 
1. The bit fields do not apply to bit instructions using a port operand. 
2. These fields also apply to BCD instructions. 


: | sue [rest [neo 











INSTRUCTION FORMAT 


15 0 


PREFIX WORD 
(used only in some forms of the decimal and bit instructions) 


OPERATION WORD 
(contains the opcode and possibly the operands) 


EXTENSION WORD 
(optional - specified by the operation word to be 
immediate operand, mask field, displacement or absolute address) 
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INSTRUCTION 
MNEMONIC 





INSTRUCTION 
MNEMONIC 


ADD 
SuB 


AND 
EOR 
OR 


Continued 
on next page 


| OPERAND 
| ASSEMBLER 
ATTR | SYNTAX 
| SIZE / Source =Sre 
| Destination =Dst ryt 









;0 


pe 
i x 
OPERATION ;wit : 
WORD i: O E : 
Ri! N OPERATION 
0; Ss 
Se is i aT ‘bale lc oie Ss H { 
i Oo 
N° 


r2ittl1019 8, 7/6/51 4) [sj2is/0 














' 3 | ADD: 
i Src + Dst -- Dst 


te 





[REGe [sll oe] 0 [REG 1 


6 | ADDC: 
' Src + Ost + C ~ Dst 











B | d16(Ay),Ax 9 SUB: 
i ie | Dst - Src ~ Dst 
B “Addr Rx j 9 : SUBC: 
; i ' i Dst - Src - C ~ Dst 
ree pn a ee eee 15 Me detalii ots wee fpeend 
B | Ani6, Rx 2 C REG a ee 4 7 2 | # i 6 j{ Note: For addressing modes 
[.W] zs I ; 4#n,Ax and #n(Ax) with the 
bases gree ata a Pate er eminence od af pt 4 ADD and SUB instructions, 
B Ry.(Ax) i 3 lo i “AK =| & i[ ¢ [2 | | 0 if “REGy Z| 1 | —i 9; the assembler uses the short 
wy | : =, if l version for immediate vaiues 
Se so egeees i rn = =a a ich ee siege pop <4 bits. 
B ! (Ax).(Ay) } 3 ‘0 _ 12 


.B Ami6. (Ax) 








acl fai | ls 





.B i (Ax) + (Ay) + 





gp | anie(Axye cg 





a ~ (Ax), (Ay) 

















B | ani6-(Ax) | is oe 1 Te} # ti | 
mi | | Re | | 
Bere te cook Sel ~—— of at aoe 2 Sue Sicha den de cowl ee re ae see 
a Ry.d16(Ax) an [A HSE @)ol REGy }} 2 | a | 12 | 
oF [praia a “| yee ree, ree emeer Weems 8 Shia 
; “Addr | 2} 0 REG) 2 1 12 | 
wi | ice c2} 01 REGy ai aa L 





















































te a Ec 
| OPERAND i Xl ¢ 
ASSEMBLER OPERATION Way 
attr | SYNTAX WORD ;O1E. ¢ 
| RN OPERATION 
SIZE | Source =Src lob ls L 
| Destination =Dst |. ; - Fae ee ge , : 
| Sre , Dst 15/14 alia 11!10/ 9/8 vie slals 211)0 : 
B | #nd,Rx B I REGx_ }ifs] 1 [ei] 0 = 1 | — | 3 | Abo: 
| [Wy | seal i tS seu | | Src + Dst — Dst 
B | Ana(ax) B ic (ax Tis] 1 el nal |} -| 9) 
| Hs | td 
ehh MADR IER CRE artis DEAS en Epes tee ern ae 
|B | ana dt6(ax) 8 1 [AK Ax Te 1 fei] 1 [-# —}} 2 | @ | 12 | sus: 
Iw) | = L | Ost ~ Src -- Ost 
B | #n4,Addr B Peo oa ‘5 1 fcil 1 ee # jhe Vala | 
LW] ess | 


i B 
[W) | 


Ry, Rx 








6 


Bue =F 
B | Py,Ax 5 F 


AND: 


i _REGx  [s|[ c2] o|[ REGy_ 




































B | ar oi “meee Yael 1 joa _ Ay it — | 6 | eon: 
WE | ee ais = Src .EOR. Dst ~ Dst 
on Caan ornare ee — oo ae a a! 
iia Rx 6 | Rese Ws} e2] 1 |" [ Ay | 2 | d | 9 
: : ea jose on | 
a | 9 ,OR: 





Src OR. Dst — Dst 


























soe all aan —~|9 
| 








PB | Ry(Ax) 7 
[Ww] | | 
7 (Ax). (Ay) 7 0 [Ax eee [c2] 110 ‘ie Ay i - | 12 
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eae 7 COREA sti Gack aca RT Cha 
, OPERAND 1X | 6 
, ASSEMBLER OPERATION wit y 
INSTRUCTION | ATTA , SYNTAX WORD So are 
MNEMONIC | SIZE | Source = Src oisit 
| | Destination - Dst si E 
| Src , Dat Gap 
N 
AND B #16, Ax) i 7 10! Ax. isi | 
EOR IW Srp erage, gd 
OR ee t Si dane ame fant rae ane as a pe ee 
(con) = |B | (Ax) + (Ay) + bo 7 a ax WisiPea]ajo{ Ay ji 1 | — | 12 
[Ww] 2 -- 
r ee ae eee . + iy can } os fore = ae eee 
 OaBe: eRMie ian * 7 1{ Ax |isiicz] ti 7 2| #8 | 1 
' {W] ; ” f 
Eee ae a) sS.-.-3 she iis t ; Shs. { oe re on 
B | (Ax). (Ay) 7 1{ Ax jifsifc2j1;1{ Ay fo + | — | 124] 
IW) | 
ve fs H a ne er es en es ee 
B | Ant6, (Ax) 7 1! Ax isl{ 2] 4 F 2| 4 | 12 
IW] ees ce a 
Ry.dI6(Ax) 








ASL | (#9}, 
ASA LW] 
ROL B | #n3,Rx 
ROLC IW) | 
ROR we es 7 
RORC B | (Ax) 
{W] 
ny ae eS 
B | dt6(Ax) 
LW} 
beer re —+ ed <—e 


1 Addr 











oak Schad 
' OPERAND 
ASSEMBLER 

INSTRUCTION | ATTR | SYNTAX 

MNEMONIC SIZE Source = Src 


Destination =Dst 
Sre , Dat 
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OPERATION 
WORD 




















T mecca i Sate ee Wandin ee ice aaa 

B JL REGx Wsjo[f c3 |i on jt | - ent! 

~ fe SoM Silo fp wierd ee EY Pea asetinadys a spear ads cra 
B Oo; Ax jifs}of co }ooo0;1|-—|9 

oles Seas Soe Se SSPE SEIS CRA BAAS Steger oo tor 





MODOSE 































ZO-HZM4axmM} 
omro<o 






































| EOR: 


oa ere ee 


‘ 
i 


STATUS 
FLAGS 


OPERATION 





AND: 
Src .AND. Dst -- Dst 





Src .EOR. Ost -- Dst 


OR: | 
Src OR. Dst ~ Dst 





Dst -- Dst 


SHIFT: 
ey ee ee 
[C+ {ASL 10} ' NOTE. The 
O|-mfiSA}-ofG" ASR, LSA, 
flSate 7 alee ROR, and 
(ASR } > C | RORC 
prises} 
Saat | instructions 
ROTATE: will clear the 


V status bit. 


[ »(ROAC)» of é pee | 
“NOTE: 








2sn s7 ; } 







STATUS 






OPERATION 

















BCHG #4, Rx 1 | — | 3 | BCHG: 
BCLR a ea. is Dst(b#) - C 
BEXG Soren ies ae aaa Wr cae as(pk as epe acanaeil di et Meroe ep pt 1— Dst(b#) oe Dst(b#) if Dst(b#) 1s 
BSET #n4,(Ax) 5 of Ax Ji c3 Jit be 1 | — | o | in the low 
BTST Le hee nas | byte of the 
| et SOS) pinata ee as 6 SOLES ooo) es mi smh, Bo wit a ne See nee SR, then the 
#4,d16(Ax) L *s 2 | d | 12" | BCLR: other SR bits 
Dst(b#) —- C are 
mnie a: fn reste meen corms none rapt op 0 DSt(b) unchanged. 
ca Addr § 2 a | 12° 
[eet a oe oe here secre end a fed 
Ry,AK F 7 2 | — |} 6 | BEXG: 
Dst(b#) -- C 
aeree Press 
| 4 0 
Precast aca il wa ate 
a Ry,(Ax) 0 BSET: 
Dstib#) — C 
naan 1 = Dst(b#) 
5 
tina eae ech Sa ae ath, oie Ne a See: cee Cee 
— | Ry,d16(Ax) o | ReGy ] F 7 3 | d@ | 15° | BTST 
Dstib#) - C 
| ie ee i) fae a 
Se ne | 
ar ea cace oe Lad a eee haere anna —— ae en ce ce 5 Se 
— | Ry.Addr 0 |L_REGy | F 7 3 | a | 15* | "NOTE: The BTST instruction 
s executes in 3 less clock 
aa ca aa cre a cycles. 
5 F c3 | 1 0 
Sh ar bl 
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INSTRUCTION 
MNEMONIC 


BCHG 








8TS 
Continued 
on next page 


INSTRUCTION 
MNEMONIC 


OPERAND 
ASSEMBLER 
SYNTAX 


Source =Sre 
Destination =Dst 


: Src , Dst 


ATTR 
SIZE 











_ 4n4,Px 4 
| SS 
- Ry,Px 0 








OPERATION 
woRobD 


fa eee] s] a [alae 





“OBOE 





ZO-n2mM4xmM 
omroa<o 





[ ReGy | F 7 aoe 
[Por | 8 0 
—i9 
—| 2 


























#n4,Px 





OPERAND 
ASSEMBLER 
SYNTAX 


Source =Sre 
Destination =Dst 


Sre , Dst 


ft) | ax) 
(unconditional) 


Lt] Addr 
(unconditional) 
| cea a 

















OPERATION 
woRoD 











[-U) CC, Addr 





d13 
(unconditional) 


d16 
(unconditional) 








CC, di6é 
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9 | be 1 |—j9 

| 
F 7 2 |= 12 | 
9 0 | 








20-aH2mM4eM 








STATUS 
FLAGS 
OPERATION 
Nzivic 
* * (9) * 
Dst(b#) - C 


1 — Dst(b#) — Dst(b#) 


Dst(b#) — C 
0 — Dst(b#) 


Dst(b#) — C 
1 — Dst(b#) 





2 ao aE 


STATUS 
OPERATION 


Dst (b#) — C 


PC + 2 — -(SP) 
(Ax) ~ PC 


PC + 4 ~— —(SP) 
Addr ~ PC 


If COND is true, PC + 4 — 
—(SP); Addr ~— PC 


NOTE: The initial PC vatue is 
the location of the CALLA 
instruction. 


PC + 2 ~ —(SP) 
PC + 4 + 2e(d) — PC 


PC + 4~ -(SP) 
PC +4+4+d— PC 


If COND is true, PC + 4 -- 
~(SP); PC + 44+d—- PC 





NOTE: The initial PC value is 
the location of the CALLR 
instruction. The 
displacement, 413, is in 
signed magnitude 
representation, and the 
displacement, d16, is in 
two's complement 
representation. 








E 
OPERAND ies 
ASSEMBLER OPERATION wit] y STATUS 
INSTRUCTION | ATTR | SYNTAX woRD - ice EpbRION FLAGS 
MNEMONIC | SIZE | Source =Sre a eel 
Destination =Dst S \ E 
aie S 
See. Dst 1511 12 whol 8 ie ano 3 af jl 2 N | zivic 




















Ost — Src 








(Ay), Rx 





(Ay) + Rx 





ag - (Ay), Rx 





i B T an6iayp, Fix 
[W} 


4. 





Addr,Rx 














4n8,Rx 





Continued Ani6, Rx 
on next page 















































































































E 
| OPERAND X | ¢ 
ASSEMBLER OPERATION y : Y STATUS 
SYNTAX woRD FLAGS 
INSTRUCTION | ATTR c 
MNEMONIC | SIZE | Source=Sre eal oad ie Orenalion 
Destination =Dst ts, : S | E 
$ 
Sre , Dat i5|1halsz nfiolejel7|e|s|4ia|z/1/0 . nizivic!| 
CMP B | #n8,Px D jo [ PRIx | — | 6 | Dst — Src i es as 
(cont.) 
r 1 ae =a 
#n16,Px 4 PORTx | £ # | 
eas [ 
BB | (Ax).(Ay) 7 o[ Ax jifsit 1 — ie 
iw) 4 = 
B | #nt6(Ax) rls Ax lls} 11 # i 9 
nate, rea 1 
> -: mma 
Bf (Ax)+ (Ay) + 7 i‘ Ax ji[s] 11 = I 9 
(W) | 
ci a o ares Yo 
i B #n16,(Ax) + 7 1 ad [s} 1 1 4 5 | 
4 aise 
Bo | ~(Ax). -- (Ay) 7 1 [Ax ]ifsj1 1 
Nts oe : 
#n16, ~ (Ax) 
i} 





















DADD: 
BCD: [Src + Ost — Dst]} 


Ry, Rx 

































































$—- +. mo 4 
DSUBC B (Ay). Rx A c2 ;1;0 athe Ay 1 — 6 
(.W) DADDC: 
nc a + --}— BCD: [Src + Dst + C —Dst} 
B di6(Ay), Rx A i REGx |i[s][c2] 1/1 = Ay | 2,4] 9 
Ww 
baer ees ae ere ae | a ; | |_| sue: 
B | Addr Rx _ReGx j{sj[e2]1) fF 7 a a ce a 
i LW) 
2 ae oe a Joao 
Continued B | #n16.Rx | A LREGx |i[s] [ez] 1 | 7 2 | # | 6 | DSUBC: 
onnextpage | [W] 1 | BCD: [Dst - Src - C — Dst} 
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ae ee ELSE rrr ee 
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1 E 
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povoeceene OPERATION M4 : y 
INSTRUCTION | ATTR | SYNTAX word Cc 
MNEMONIC | SIZE | Source =Sre Bec tee OPERATION 
i Destination =Dst 4 E 
| oe 4 § | Ss 
Sre , Ost QO 
N 
BO U 
DADDC IW] | 
DSUB perme oe me 
OSUBC 3 ! 
(cont.) NOTE: For addressing modes 
peso re ec nn afer cde ned MAX and 4n,(Ax) with the 
B es a 0 — | 15 | DADD and DSUB 
[W} instructions, the assembler 
om uses the short version for 
3 immediate values s4 bits. 
eee memes ath 8 oe ot cee i ane oe a eet a acetal vf 
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| 3 | 7 
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[3 Ss oases 
_ ; 
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Frater ee aa foe Pca rca tere cama: Crete Se ae arate t 
3 1 (TAK I[s][e2] 111 [Ay] 
[emits ES ee eed NS Sa re it a eh A LEN D  , 
B | ante.- — (Ax) ) F F F 3 | # | 15 
Iw | 
[Peer ee ee es See eee aces | 
Continued 3 1 [Ax }ifs][c2 ] 1 F 
on next page ee eet ere 
ney, en Ee PEELS Sey (Rae eae | eee redone 
— ae ee 
OPERAND x Cc 
ASSEMBLER OPERATION H : Y STATUS 
SYNTAX WORD FLAGS 
INSTRUCTION | ATTR | c 
MNEMONIC | SIZE | Source=Sre Be ee OPERATION 
Destination =Dst F serie ae sis tule Oe eee a ee TS | E 7 m 
Ss 
Src , Dst i516) 2|n to|9 8/716|5/4 32|1/o 2 Nz vic 
: 4h 
DADD .B Ry,d16(Ax) 0 F F F 3 id 15 Uo * UO * 
DADDC LW] 
DSUB egal Hig emerson eer “asa pce 
DSUBC 3 1 [Ax ][s][¢2'] 0 C “REGy. _| 
(cont.) ae | 
 ceiieeitetitiaieticn sieaieneatememmmenieemameialaataneed i OPES Baa ck eee atin berets pment vaca 20 premnres sf 
B Ry.Addr 0 F F F 3 1a | 15 
[W) | 
ot vee won en coweswent i tan hiemeans core meres et stemtew sury Hferein STON ate vee raed reeary ttt te 
3 F  [sjtc2]ol, Ae, aa 
DADD .B #n4,Rx 0 F F F 2 _ 6 | DADD: u* Uys 
DSUB [.W] BCD: [Src + Ost -- Dst] 
|. a8 : i ae 
[eesti ra Nth a ke A sae Sed Mic M) 
.B 4n4,(Ax) 12 | DSUB: 
LW] BCD: {Dst - Src — Dst] 
Bestel as hee 2 Eee cel ft hh Balt al ian aaa a 
B #n4,d16(Ax) 15 
(W) 
eg ec Al Ene ny aN ec RAD Eee Fadia De eth tf CS Oe mnt are eee 
.B 4nd, Addr 15 
(W] 
DI ame a 4 F 5 7 ; 4 — | 3 ;0- LIE: ae a ere 
| Disable Interrupts 
SS siete eal ecb Se Sac aM az oN cB Alle oe eee ode ile een el 
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STATUS | 


FLAGS 





STATUS 
FLAGS 






































| ; ; E 
| | OPERAND Xle 
; ASSEMBLER OPERATION rye : Y 
SYNTAX woRoD 
INSTRUCTION | ATTR | | c 
MNEMONIC | SIZE | Source =Src Botte hat OPERATION 
i Destination =Dst : = my 7 uve 1 E 
| 1 
pore Ds 115 talta.t2' 11/10] 9 9 rlels 4i3i2{1|o : 
| 1 
DIVU es Rx,RPy 5 | REGx | D TRGy |}0! + | — | F:6 ; RPy(even).APy(oddyRx—RPy(even) 
lf 
| i | jee a ages 7:23 REM — RPy(odd) 
! | i \ MSW — even; LSW — odd 
| | ! | 
| | i ; 
if 4 
ONZ |B | Rx.d8 9 | REGx Wfsj[ ¢ i} 1 | — | Re | Rx -1- Rx: Ax #0 
; (Wh | gee EM nee Sees oe T9 | then PC +4-[2.(d)] — PC 
| | NOTE: The initial PC vaiue is 
\ | I the location of the DJNZ 
| | instruction. The 
i 1 ' displacement value, d. is a 
| | | magnitude. 
| 
DNEG | .B | Ry 0 F F F 2} —} 6 | DNEG: 
ONEGC | (Ww) | | | | BCD: [0 — Dst — Dst] 
a a eet one 
a bop aiee 
| 3 7 — Is}tet] 1 off 
ee aa weed oa scape ks is pe do of a on = ail, + sed 
B (Ay) 0 F F F 2 i — | 12 | DNEGC: 
[Ww] BCD: [0-Dst-C -- Dst} 
H Raa CA Seo) (i cia ee (OT mR Nag soca \ 
| | 3 7 I{sjfe} 1 10 [ay | 
| celts Space pe Bae] sd is order aee fo ee ee cette fe Sr - + ze po 
|B | di6(Ay) 0 F F F 3141 15 
po | : 
“oe we ee 7 eho RRA ITS 13 oa = aarti MiKIPSS 
' ate ial Vere | } 
| | 3 B. Apslear oh Swe | 
Sr ern er re een eae 
|  B | Addr fe) F FO F 3 | a | 15 
EW) | | it 
| ee ele ae ene Fae oe 
| 3 7 isle} 11 F 
OSUB | see DADD | 
DSUBC | (page 15) ' | 
on = E 
| ! OPERAND 1X | ¢ | 
| ASSEMBLER OPERATION pee! Y 
i SYNTAX WORD 
INSTRUCTION ; ATTR | | Cc 
MNEMONIC | SIZE. | Source=Sre poh ot OPERATION 
: | Destination=Dst | et stave re teas __4 S 1 E 
' Sr, Dst i hcicleleloie @alaletat Ol? 
ies 15)14)13}12)11/10/9/81716)5/4)3/2/1/0! x 
El Pade ah 4 F 1 7 i 4i— | 39 |4— LIE 
| | { Enable interrupts 
| see AND | 
| (page 9) ae 
’ Ax,Ry 0 4 ; Src — Dst 
t 
+ mec 2 Le ccieruataee Saar 
* Rx. (Ay) 0 9 
" Ax.(Ay) + | oO 9: 
/  .B Rx, - (Ay) 0 9 
|B | Rx.dt6(Ay) 0 6 || REGx VWs} 1 0 1]1 ay] 2 | a | 2 
; IW) | i 
; . “ad. bi teetedes shh, phe eoad Beate See ad { 2 Bee Sede oe foto 
: By Rx,Addr | 0 jf REGx Jis} 1 0 1 F 2 [a 42° | 
iW) | 
SIGN EXTEND: 
SignBit(RLx) - RHx 
JMPA [L] | (Ax) 5 ti Ax | D F 1 | — {| 6 | (Ax) = PC 
| (unconditional) ee | 
oe ea aa ba aell Bie tes Parl .2, SAO) ants se “a4 diggs hep Sasa 2 Becerra ho 
2 [uf Addr i 5 F B ft 7 3 a 6 Tada — PC 
i i (unconditional) i H i 
Pode 9 wile ene hal : spiced ate acta gab ea ee ah oa id 
' {ty | CC.Addr 1 a | F:6 ; ff COND 1s true, Addr ~ PC 
ae 
F Besa dita. 2h im age ee Se nara Oe Reena! Wee ees Seemed Ne eR ee OP EES 
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E 
OPERAND X ic 
| ASSEMBLER OPERATION w Y STATUS 
INSTRUCTION | ATTR | SYNTAX woRD o c FLAGS 
MNEMONIC | SIZE | Source-=Sre ie eae OPERATION 
| | Destination =Dst E i. 
i i me eee TT 4+ § I s ee 
(se, Ost isltaltaltalttliole [a rlelslalsiajilo iM Nizivic 
j | { | Semaine a! aia } 
JMPR | (S} | a9 / 8 | F [dCi tt | 7 PCH 4 + 260) - PC -—~-- 
: (enconuilional) ary 
j-— chan cs seer cig (eee pee ttre a + Ep Spee Nee | 
| {S} | CCas |. 8 COND |i d yt p- pes | 1 COND is true, 
i ae ae anata T7 | PC + 4 + 2-(d) — 
Eee Laaee ee =x are Canela kt eres Fees eee OO sl 
Lo | 616 5 tire | 9. 1 2/1a{9ipc+4+a-PC 
| (unconditional) ae 
errant aA SUNT ae ara ere Aedes loerrereres ere Om See be ae ee Revs 
[ L (en = COND | ia | 7 2 | d | F:6 | If COND is true, PC + 4 - 
T9 {| d—- PC 
eee eh ee a ie arene (es aa racasenants coca Sa 4 = the vila Pome | 
| | NOTE: The initial PC value is 
| the location of the JMPR in- 
| | Struction. The displacement, 
H | d16, is in two's complement 
| representation, and the dis- | 
| placement, d9, is in signed | 
| | magnitude representation. 
| | } i 
LIBA i= | #d16(Rx),Az | 1 (REG fs} 1 (Caz J 1 tot) 20) # | 6 | Rxf-2] +d - Az —- ae 
LIWA Pal = 
Pe ~~ gee ee a af a See Rey epRer Sentry pet tase Sy 2 bias baa pease a 4 
DT #aI6(Ay. Rx), AZ +f AEGx jisla far If Ay | 2 | # | 6 | Ay + (Rxl-2)+d—Azr | 
AS 7 AZ dL Ay 
a: gis he ae lk ets OT ote oh Ne oe fh Sof oe lhe Es 2 eae | 
ee a 4 7 + “TV NOTE: {.2) used for LWA only. REGx | 
{ { ! and Az must not refer to same regis- 
| ' | ter when using 2nd addressing mode. 
LSR | see ASL | | 
| (page 10) | | | 
MOVE { B i Ry,Rx | Src -~- Dst SS, Terie Ss fad 
| 4 | | 
er by he ee ‘i 
1 i 
au ai | | 
be * ne ee er tere ee, ste me ee - jess 
Continued i Be (Ay), Rx i _ 
on next page | IW) ij H 
pace a ath coe fy on Se en aed Neen in 
{ E 
| | OPERAND Xie | 
| ; ASSEMBLER | OPERATION W : y |! STATUS 
: SYNTAX WORD oO | FLAGS 
INSTRUCTION | ATTR ini © | 
MNEMONIC | SIZE | Source=Sre | ie OPERATION 
| | Destination=Dst | aa wr isin if eae 
H sie Baa Brat cole fll wilde] toe Soe) (aie be Rs a i § car oa a0. 5 
! aren Oe 15/14 s9112|11/10 9 [6 rielsi« a\2iri0| es wizly c 
q } } I i i 
MOVE B | (Ay) + .Rx 1 Sg 01 1/0 i Ay | 1 | — | 6 | Sre— Dst ee a 
{cont.) (W}: ! i | 

















scaeieatanntarial elcome er iadees ates 

















| 
He 
i op } — (Ay), Rx 
| aN | 
b... a es 
8 | d16(Ay), Rx 

(W] { : | 
[es a ass an eesins, Pare seca ae 4 } 
.B Addr,Rx 0 
ow | | 
Es eee few annem 
| .B : An8.Rx 1 E 

| 

i. ahast wedi te ee 
; | #n16,Rx | 
1 { 
i ; Ry,Px i 
: i | 
> B ty 4 Px i 0 






























Continued ' sae 
on next page 


Waece eae teenage ogee ea ifs 
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E 
OPERAND X16 
ASSEMBLER OPERATION witli y STATUS 
INSTRUCTION | ATTR | SYNTAX bie aas Siig ie SBcAATiDN oe 
MNEMONIC | SIZE | Source =Src | oisit 
Destination =Dst + as 1s 1 E a 
ote Be 15114 ra|t2 1 10/9 |8|7/5/5/¢ 3| 2|1|o : Ny Z| ve 
! 
MOVE B | (Ax) + (Ay) + 1 1({ Ax jifs}o o 1/o[ Ay |i 1 | ~ | 9 | Src — Dst -~-- 
(cont.) {W) | 
bask man ee ne ee fe ne fe ee pee ee BE Secor op ee Coser | 
B | #n16(Ax) + 1 1[ Ax ][s]0 0 1 7 2)/*|9 
[W] | 
bess See greens Bee Pope pc se poc neers cope poe fe 
B | Rx. ~ (Ay) 1 |[ REGx Jisho t oft f ay jy 1 | — | 6 
LW] 
Pa ah species Nai eetig des Boh And be whoa th baa mies fearon 
ece 0 [vom Ilr ol Ca = fs 
1 (Wh | 
}- ae aes ee eee ee ee ere oe! eee Ober any eae si Cae 
B ~ (Ax), ~ (Ay) 1 1f Ax |ffs}o o +t1{ ay |} 1 | — |] 9 
[.W] 
eke: Smear erostine sree ee Cae ee ee cae ee Seen! awe ona) 
B | #nt6, - (Ax) 1 ifs} o 0 1 F 2/1419 
LW) | 
B | Rydi6(Ax) — jis} 0 0 off ReGy J) 2 | ¢ | 9 
(W] : 
Bee Ce] eS ae ae rs aaced hal ye ee “SPemiaten. woe here srmeecetaeee Sony ee Seep “ ih 
B | RyAddr ft s} 0 0 ol| REGy}) 2 | a | 9 
[W] | 
MOVEM B  ! (Ay) + REGLIST 1 7 fslo o 1:0 { Ay |} 2 | M +3nj (Ay)+ — REGLIST ~-- 
iW] 
PSS RS Pepe eesti ters Fa ac ge me ee iad et Aa | et te Pe a Le pene cao ~~ e ra is : ” sae ee ss | 
B | - (Ay), REGLIST 1 7 |fs}o o1]1 Lear) 2 | M §+3n} ~(Ay) — REGLIST 
{.W} 
aca ah Sek ge he eee Ae wee ars fe. eo pen eos + wep sae . . aan eS ——+ 
Bj REGLIST(Ay)+ 1 F ffs]o 0 10 [Ay ‘j} 2 | M [7+3n| REGLIST — (Ay) + 
Ww 
Mt sen eta enaeahs va sae eer ba a t= a ——— | aan aa seen | 
‘B | REGLIST, - (Ay) 1 F is} 0 0 t}1 [Ay }) 2 | M [7+3n) REGLIST — -(Ay) 
(WI > a 
esas vel ier ge em eee nance ERE [USOONC ot Penta Oye mel Soenee ee reney Neer ee ERE R Oevemey eceils es NOs Bs Sent 
a y 4 [ cia NOTE. A minimum of 2 registers 
must be specified and may be 
Be L i specified in any order. j 
E 
OPERAND [eae 
ASSEMBLER OPERATION witli y STATUS 
INSTRUCTION | ATTR | SYNTAX Oe ie im ApERAION FLAGS 
MNEMONIC | SIZE. Source =Sre 5 ls |e 
( i Destination=Dst | spe atte oes Ss | E [eee ct 
T T Ss Hl 
dias 15(r4l13|t2\ 11/1098 /7/6|5/4/3|2/1 10 2 nwizivic 


NEG 
NEGC 


NOP 


NOT 


OR 








Rx + RPy(even) ~ 
RPy(even), RPy(odd) 
MSW — even; LSW — odd 


Rx » RPy(even) — 
RPy(even), RPy(odd) 
MSW — even; LSW — odd 






































B | Ry 3 | 7 [sfc] 1 of REGy }} 1 | — | 3 2's Complement 
[W] | 
hp ..- cere pen Se ra I - ——}-: 4 
B | (Ay) 7 |fsfel 1 110 [Ay |i 1 9 | NEG: 0 - Dst ~ Dst 
(WI | 
— ina en hn ——--- + = 
|B | dt6(Ay) 3 7 ~~ {slfe} 1 111 [Ay |} 2 | @ | 12 | NEGC. 0 - Dst ~ C ~ Dst 
[W] 
HS) ie cease ce cesar a Sia i A a a dS ee ed —s 4 
B | Addr 3 7 {fs)fej1 4 F 2 | a | 12 
( 
(W] 
- |= i 0 0 1} — | 3 |PC+2-PC 
|; B | Ry i £3 7 fs}o 0 off ReGy jj) 1 | — | 3 1's Complement 
[W] F 
ical" Geena ie a Ss tote 
B | (Ay) 3 7 |fs}oo sjof a |i 1}|— |] 9 
{W] i co NOT(Dst) ~ Dst 
Nr gra Len sen Rare net Mareen eines Smeerer wet ss : ea 
8 T ate(ay) Wh a 7 fs}o oO 1}1[ Ay | ede 
[WI | jas 
fran wwe we fern nnee scene eee mn efi fren opp 
B | Addr 3 7 Ts]o 0 1 F eica bie 
LW] | 
; ; see AND ! | 
i (page 9) | | if. £ 
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+ + * © 
| 

* «© 
0 0 


INSTRUCTION 
MNEMONIC 





! 
; 
i 





ATTR 


| 


OPERAND 
ASSEMBLER 
SYNTAX 


Source =Sre 


Destination = Dst 





OPERATION 








REGLIST 











REGLIST 


































Z2O-aQ2mM+4xmM 


OPERATION 





(SP)+ — Rx 














== 


| (SP)+ ~ Px 


(SP)+ — (Ay)+ 


(SP)+ — REGLIST 

' NOTE: A minimum of 2 

, registers must be specified 
and may be specified in any 
order. 





| —(Ax) - (SP) 





#<data> — ~(SP) 


REGLIST — --(SP) 
NOTE: A minimum of 2 
registers must be specified 





and may be specified in any 


{ 








STATUS 
FLAGS 


eager 


Iziv 





order. 
RET fom fe ; 5 6 D | 7 1 {| — {| 9 |(SP)+ - PC oe ee 
Pee ee Spare ast a a eb el ie i ee tice teas SG ee ee Les bee te i Sas cath oe 
— | Ax jp 5 OT AKT Df re Ft | 9 fee AK y+ = PC 
{ 
RET! pom ; & | F | Oo 7 1 | — | 12 | (SP)+ - SR x ok eo 
| | | | (SP)+ — PC 
Se eee eee er eek ATR eee | Panty [Rbeemerrenet eens Serres! Commer: ahi trata See oe 
a a a a ee RRL RIE 1 aria ea OEY ee ta 
fi Rg 
| OPERAND be i HE a | 
i ASSEMBLER OPERATION pee a | STATUS 
| SYNTAX WORD Panta FLAGS 
INSTRUCTION | ATTR ae oa 
MNEMONIC | SIZE | Source--Sre id | eee! Ceenoule | 
i Destination=Dst ¢ oe ae a ee E | ee ee 
| Sre , Dst ee ee he eee oe io; § bo} [ 
| pores 15/14/13/12/1110:9/8;7/615/4)3/2)1/0/ | 8 iN'ZIVIC 
: H H ‘ ! 
| see ASL | 
| (page 10) 


TESTN 


| a 





b 
' 
| 


wee pen pee 


. | #ni6,Ry 
LW] 
i os 
B | #nt6.Py 
aie 





see ADD 
! (page 8) 


ent6.(Ay) 


sartrerre tantenenentnnn re crea rar 








2 


| 
: Ts! ro 
‘ thea 4 i 
t t ; oi i 
eal eee =e = las fe on ee ee juce 
pF IR 1} PORTy || 2 
i | po east Gana tie, | 
! i { 
r ee atte ferns 2 come ca ore mm aes ice 20 pee eae eee 2 
7 ae; [s!icil aa Ay if 
: eae Be eee 
i 





we eben eee 
t 





Seen eer Sone meee 





The following symbols are used to describe the state of the Status Register flags: 
Set according to result of operation. 


0 Cleared. 

1 Set. 

— Not affected. 
U Undefined. 
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Port ras 


Port Addr _ | Description 


PHO 


PH1 16 Ext !/O, Ext Interrupts, 
PL1 | $FCO2 | Serial Port I/O, 
Bus Control 


PH2 
P2 |PL2 | $FC04 | Reserved 


PH3 Serial Receive and 
P3 |PL3 | $FCO6G | Serial Transmit 
Buffers 


. 8 External I/O 
$FCO8 | or Timer and 
Port 0 Handshake 
Ps | $FCOA | Reserved 


$FCOC | Reserved 





$FCOE | Interrupt Latch 
Register 


Interrupt Mask 


Register 


Serial 1/O Receive 
Control and Status 
Register 


Serial I/O Transmit 
$FC14 | Control and Status 
Register 


P14 _—_ FC16 | Timer B Latch 
P12 —t $FC18 | Timer A Low Latch 


P13 | 








Port 1 Direction 
Control 





16 External I/O or 
PLO | $FCOO | Addr/Data Bus In 
Expanded Bus Mode 


SPARE 
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DTACK 


LB HB R/W DS 
LDS UDS BGACK 


RESERVED 
RECEIVE BUFFER 


STRH 
R/G STRL RDYH RDYL 


RESERVED 
—_________ RESERVED 


Xl2\ STRLI TAI STRHI 


RESERVED SPARE X12M STRLM | TAOM TAIM STRHM 
be 


RESERVED 


TCOC TAM1 











Initial 
Condition 


RESERVED 


TRANSMIT BUFFER 
High Byte 
RESERVED 00----00 


RESERVED 
RESERVED 


XII TBOI TBI 
XliM TBOM TBIM 


VO 


RSCI X101 XMTI 


RSCM XMTM TCM 


XIOM 


Ee 


SF/AF RESERVED 


E RESERVED $00A0 





@ 
nN 


es eee Se 
aie Rea Saas 
ea eee ae 


TAMO TAE TAIC TAOC TBM1 TBMO TBE  TBIC $0000 


Cc 







Mode pin: 
VCC-$0C00 
CLKOUT-$0E00 
GND-$0F00 


RESERVED 


SYNC7| SYNC6 SYNC4 | SYNC3 | SYNC2 | SYNC1 


NOTE: 
When a reserved bit is read, it is read as a zero. 






SYNCO 


Pf 


ae 
inn 
IoD 
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PORT DESCRIPTIONS 

Important note: All port bits that are not explicitly defined are reserved for possible use in future MK68200 family 
members. If reserved bits are written, they should be written with zero values. When reserved bits are read, they 
are read as zeros. 


PORT 0 — 16 External I/O Bits; read/write 
$FCOO (used as address/data lines in external bus configurations) 


15 14 13 12 11 10 9 8 7 6 So) 4 3 2 1 0 


PORT 1 —16 External I/O Bits, including Interrupt, Serial I/O, 
$FC02 and Bus Control (shown for GP bus); read/write 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 | 0 
PORT 2 —Reserved 


PORT 3 —Serial |/O:Transmit Buffer (Low byte; read/write) 
$FCO6 Receive Buffer (High Byte; read only) 


RECEIVE BUFFER TRANSMIT BUFFER 
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PORT 4 —8 External I/O Pins (Timer and Port 0 Handshake Lines); 
$FCO8 Inputs: read only 
Outputs: read/write 


——— 


(reserved) 







15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Note: STRH is also R/G in the expanded bus modes. 
PORT 5 —Reserved 


PORT 6 —Reserved 


PORT 7 —Interrupt Latch Register; read/write 
$FCOE 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


PORT 8 —Interrupt Mask Register; read/write 
$FC10 
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INTERRUPT AND RESET VECTORS 


VECTOR NUMBER NAME 


0 


1 


2 


N 


nm mo Oo WD FP © @ 


RESET 

NON-MASKABLE INTERRUPT 
SPARE 

EXTERNAL INTERRUPT 2 
STROBE LOW 

TIMER A OUTPUT 

TIMER A INPUT 


STROBE HIGH 


MNEMONIC VECTOR LOCATION 


RESET 
NMI 
SPARE 
Xl2 
STRL 
TAO 
TAI 


STRH 


RECEIVE SPECIAL CONDITION RSC 


RECEIVE NORMAL 
EXTERNAL INTERRUPT 1 
TIMER B OUTPUT 

TIMER B INPUT 
EXTERNAL INTERRUPT 0 
TRANSMIT 

TIMER C 


RN 
XI1 
TBO 
TBI 
X10 
XMT 
TC 


$0000 
$0002 
$0004 
$0006 
$0008 
$000A 
$000C 
$000E 
$0010 
$0012 
$0014 
$0016 
$0018 
$001A 
$001C 
$001E 


LEVEL 2 


LEVEL 1 


NOTE: Reset and Interrupt sources are listed in order of decreasing priority with RESET having the highest priority. 
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PORT 9 —Serial I/O Receive Control and Status Register; 
$FC12 High byte: control register; read/write 
Low byte: status register; read only 


B F SF 
F E / 
(res) AF (res) 
9. 8 7 6 5 4 3 2 1 0 





15 14 13 12 11 10 


Bit Descriptions: 


RE 0 = Disabled; all status flags cleared. 
(Receiver Enable control) 1 = Enabled. 

IS 0 = Disabled; interrupts may occur on 
(Ignore Syncs control) all characters received. 


1 =Enabled; interrupts cannot occur 
on sync characters received after 
the sync match is found. 


RW1, RWO The receiver wake-up control bits 
(Receiver Wake-up operate as follows. 
control) 


APPENDED BUFFER INTERRUPT 
MODE RW1 RWO WAKE-UP LOADED GENERATED 


No Wake 0 0 no any RN 
up character 
Wake-up 0 1 yes any RN 
on Any character 
Character 
Wake-up 1 0 yes address RSC 
on Address match 
Match 
Wake-up 1 1 yes any RSC 
on Any address 
Address 
RC 0= Selects external receive clock 
(Receive Clock control) applied on RCLK. 


1 = Selects internal clock from the on- 
chip baud rate generator (Timer 
C) for the receive clock. 


This bit is ignored when either the 


TCO bit or the LM (Loopback 
Mode) bit is set. 
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SIS 
(Single Interrupt Select 
control) 


BF 
(Buffer Full status) 


OE 
(Overrun Error status) 


PE 
(Parity Error status) 


FE 
(Frame Error status) 


SF/AF 
(Sync Found or Address 
Found status) 


MODES 
SS IS RW1 RWO 
1 xX x X 
0 1 x x 
0 0 0 0 
0 0 1 1 
0 0 1 0 
0 0 0 1 


0 = Separate vectors are generated 
for the Receive Normal and the 
Receive Special Condition 
interrupts. 

1=The Receive Normal vector is 
generated for all receive character 
interrupts. 


0=Receive data buffer empty; 
cleared when receive buffer is 
read. 

1=Receive buffer full; set when an 
incoming word is loaded into the 
receive data buffer. 


O=No overrun error; cleared when 
the status register is read. 

1 = Overrun error; set when a new 
word has been received and the 
previous word has not been read 
from the receive data buffer. 


O=No Parity Error; cleared when the 
Status register is read. 

1 = Parity Error; set when a parity 
error has been detected on an 
incoming character in the data 
stream. 


O=No frame error; cleared when the 
status register is read. 

1=Frame error; set when a word is 
transferred to the receive data 
and no stop bit has been 
recognized. 


This flag applies to async formats 
only. 


This flag is used for both sync 
character match conditions and 
address found conditions in some 
wake-up modes as follows. 


CONDITIONS THAT SET SF/AF 


Sync Found on any bit boundry 
unaffected 

unaffected 

Any Address 

Address Match 

unaffected 
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PORT 10—Serial I/O Transmit Control and Status Register 
$FC14 High byte: control register; read/write 
Low byte: status register; read only 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Bit Descriptions: 


Te 0= Disable the transmitter; any 
(Transmitter Enable control) word being shifted out will 
continue until completion. 
1=Enablie the transmitter. 


AT 0=No effect on TE or RE. 

‘(Automatic Turn Around control) 1 =Causes RE to be set to a “1” 
and TE to be set to a “0” 
automatically at the end of a 
transmission. 


LM 0= Disables loopback mode. 

(Loopback Mode control) 1 =Causes the transmitter output to 
be internally connected to 
receiver input. Also causes 
Timer C to be used for both the 
transmit and receive clocks 
regardless of the state of TC, 
RC, TCO, and TCOC. 


TW1, TWO These bits provide control for wake- 
(Transmit Wake-up control) up operation as follows. 


TW1 TWO OPERATION _ 


1 0 = Transmit Data 
1 1 Transmit Address 
0 X No Wake-up 


TC 0= Selects the external clock signal 
(Transmit Clock control) applied on TCLK for the 
| transmit clock. 
1 = Selects the internal baud rate 
generator output (Timer C) for 
the transmit clock. 


This bit is ignored if either the TCO 
bit or the LM bit is set. 


3-236 


PORT 11— Timer B Latch; read gets counter value; 
write goes to latch 


$FC16 


15 


14 


P/S 


(Previous/Sync control) 


BE 


(Buffer Empty status) 


UE 


(Underrun Error status) 


END 


(End of Transmission status) 


13 


12 


11 


10 


0= Selects continuous transmission of 
the contents of the sync character 
register in the synchronous mode 
when there is no data to transmit. 

1= Selects continuous transmission of 
the transmit data buffer in 
synchronous mode when there is 
no data to transmit. 


0=Transmit Buffer is full; reset to this 
condition after the transmit 
buffer is reloaded. 

1= Transmit Buffer is empty; set to 
this condition after the transmit 
buffer contents are transferred to 
the output shift register. 


O=No underrun error; cleared 
following a read of the transmit 
buffer. 

1 = Underrun error; set only in the 
synchronous mode when the last 
word has been shifted out and 
transmit buffer has not been 
reloaded. 


0=No end of transmission; cleared 
by enabling the transmitter. 

1=End of transmission detected; set 
when the transmitter is disabled 
and the last character has been 
shifted out. 
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PORT 12—Timer A, Low Latch; read gets counter or latch value; 
$FC18 write goes to latch 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


PORT 13—Timer A, High Latch; read gets counter or latch value; 
$FCIA write goes to latch 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


PORT 14—Timer Control, Interrupt Edge Select; read/write 
$FCIC 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Bit Descriptions: 


TEST 0=Normal operation; cleared on user 
(Test mode control) control and on reset. 
1=Selects test mode; not to be used 
during normal operation. 


Xl2C 0=Interrupt on falling edge of X12. 
(External Interrupt 2 Control) 1=Interrupt on rising edge of X12. 
TCOC 0=When TCO = 1, TCLK is selected 
(Timer C Output Control) for use as a general purpose I/O 


pin. 
1=When TCO = 1, TCLK is selected 
for use as an output for Timer C. 


TCOC has no effect when TCO = 0. 
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TAM1, TAMO 
(Timer A Mode control) 


TAE 
(Timer A Enable control) 


TAIC 
(Timer A Input Control) 


TAOC 
(Timer A Output Control) 


TBM1, TBMO 
(Timer B Mode control) 


TBE 
(Timer B Enable control) 


TBIC 
(Timer B Input Control) 


These bits select the operating mode 
of Timer A as follows. 


TAM1 TAMO MODE 


0 Interval 

1 Event 

0 Pulse/period 1 
1 Pulse/period 2 


—a-4~00 


O= Disables Timer A; all Timer A 
operations are inhibited, and the 
timer counter is initialized. 

1= Enables Timer A; the timer begins 
operation as defined by the other 
Timer A control bits. 


0= Selects a negative transition as 
the active edge for TAI. 

1= Selects a positive transition as the 
active edge for TAI. 


0= Selects TAO as a general purpose 
Output pin. 

1= Selects TAO as an ouput pin 
associated with Timer A; TAO is 
initialized low when TAOC is a 
one and TAE is zero. 


These bits select the operating mode 
of Timer B as described below. 


TBM1 TBMO MODE 
0 0 Interval 0 
(TBO is not used) 
0 1 Interval 1 
(TBO is used) 
1 0 Retriggerable 
one-shot 
1 1 Non-retriggerable 
one-shot 


0= Disables Timer B; all operations 
are inhibited, and the timer 
counter is initialized. 

1= Enables Timer B; the timer 
begins operation as defined by 
the other Timer B control bits. 


O= Selects a negative transition as 
active on TBI. 

1= Selects a positive transition as 
active on TBI. 
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PORT 15—Port 0 Handshake Mode, Fast/Standard, Bus Lock, and Bus 
$FCIE Segment Bits; read/write 


be i ee ip 


(reserved) 







56 4 1123 12 1 10 9 8 7 6 5 4 838 2 | 
Bit Descriptions: 


SEG1, SEGO Used in the expanded bus mode when a 

(Segment bits) reference is made to the DMA window. The 
contents of SEG1 and SEGO are then output 
on pins AD15 and AD14, respectively. 


BLCK 0=Disables the bus lock function. 

(Bus Lock control) . 1= Enables the bus lock function. 

FIS 0=Selects standard timing of read/write 

(Fast/Standard timing control) cycles on the external bus (4 clock 
periods). 


1= Selects fast timing of read/write cycles on 
the external bus (3 clock periods.) 


PMO, PM1, PM2, PM3 These bits allow the user to select one of 
(Port Mode control) eight different handshaking modes. 


PM3 PM2 PM1 PMO HIGH HANDSHAKE LOW HANDSHAKE 


0 0 0 0 Inactive PLO or PO output 

0 0 0 1 PHO output PLO output 

0 0 1 0 ‘Inactive PLO input 

0 0 1 1 PHO input PLO input 

0 1 0 0  ~=PHO input PLO ouput 

0 1 0 1 Inactive PO input (word only) 

0 1 1 O  ~=PLO output PLO input (bidirectional) 
0 1 1 1 PO output PO input (bidirectional) 
1 1 0 0 Inactive Inactive 

1 1 1 0 Full Expansion (62K external bus) 

1 1 1 1 Partial Expansion (16K external bus) 
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PORT 16—Port 0 Data Direction Control (DDRO); read/write 
$FC20 


15 14 13 12 11 10 9 8 7 


0—Corresponding Port 0 bit is input. 
1—Corresponding Port 0 bit is output. 





6 5 4 3 2 1 0 


PORT 17— Port 1 Data Direction Control (ODR1); read/write 
$FC22 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


O0—Corresponding Port 1 bit is input. 
1—Corresponding Port 1 bit is output. 


PORT 18—Serial I/O Mode and Sync Register; read/write 
$FC24 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Bit Descriptions: 


A/S 0=Selects synchronous operation for 
(Asynchronous/Synchronous mode the serial port; transmit and 
control) receive clocks are divided by 1. 


1=Selects asynchronous operation 
for serial port; transmit and 
receive clocks are divided by 16. 


WL1, WLO These two bits select the length of 
(Word Length control) the data word as follows. 


WL1 WLO Word Length 


0 0 = ‘8 bits 
0 1 7 bits 
1 0.6 bits 
1 1 5 bits 
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ST 
(Stop Bit control) 


PAR1, PARO 
(Parity control) 


TCO 
(Timer C Output mode 
control) 


WS 


(Wake-up Sense) 


SYNC7-SYNCO 


(Sync character bits) 


This bit is only used in the 
asynchronous mode. It selects the 
number of stop bits transmitted. 


ST Number of Stop Bits 


0 1 
1 2 


These two bits provide parity control 
for both the synchronous and asyn- 
chronous modes. 


PAR1 PARO Parity 


0 0 no parity 

0 1 fixed “O” parity 
1 0 odd parity 

1 1 even parity 


Note that even parity is defined such 
that the sum of the data and parity 
bits is even. 


O= Disables Timer C output mode. 

1= Enables Timer C output mode; 
disables Timer C’s use as a 
baud rate generator when LM = 
0; causes transmit and receive 
clocks to be internally connected 
to RCLK so that TCLK may be 
used either as general purpose 
I/O or as an output for Timer C. 


The following table lists the effects 
of : | 


the WS bit. 
WS_ Wake-up bit Meaning 
0 0 Address Word 
0 1 Data Word 
1 0 Data Word 
1 1 Address Word 


These eight bits are used to store 
the 

sync character or the device address 
for the wake-up mode. 


PORT 19—Timer C Latch; read gets counter, write goes to latch and counter 
$FC26 


15 14 13 12 11 10 9 8 7 6 5 4 3 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Temperatures UNCEr Blas crs 6:s0d Bhd oS anes 2a test. oaks Rak ON Oe OE eee eena ees —25°C to +100°C 
SlOrage: TEMPer ature srs. scih. a 5-8 oo sate Daw tg hh Reiner 5g ekdord oe BR ho Rake Sen RMCeP ee Bra ehein a ai debe Boh —65°C to +150°C 
Voltage on Any Pin with Respect to Ground............ 0.0000 —03 V to +7 V 
Power DisSipation «202 oe casteeos etd Peta ee ened Gat haw wh sen ae wa etek. bese 15 W 


Stresses above those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operation sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


MK68200 DC ELECTRICAL CHARACTERISTICS 
(Voc = 50V + 5%, T = 0° to 70°C) 


TEST 
SYMBOL ; PARAMETER es UNITS CONDITIONS 
















Output low voltage; all outputs 














= Output high voltage; all outputs lon= —250pA 
loc Input power supply current Outputs Open 


mene 


Vout = va V to 


hy Input leakage current 


lo Three-state output leakage current in 
float 















CAPACITANCE 
T, = 25°C, f = 12 MHz with unmeasured pins returned to ground. 





Seemeee PARAMETER TEST Connie 





‘Input Capacitance Unmeasured pins 





returned to 
Three-state Output Capacitance Saw ground 
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MK68200 AC ELECTRICAL SPECIFICATIONS 

a = 0°C to 70°C, Veg = +5V +5% unless otherwise specified. 

AC measurements are referenced from minimum V,, or maximum V,, for inputs and from minimum Vo, or 
maximum Vo, for outputs. 


ce omainins min [wax [own | wax |e 

RESET low time 20 20 state 1 
times 

CLK 1 width high (external 45 

clock input) 

CLK 1 width low (external 45 30 

clock input) 

CLK 1 period (external clock input) 1000 83 1000 


ed 
ss 
efocecreneg erry so fw 
— 
ae se 
am cams 
oa 


+ 








2 
[PAI nah PHIiow | sf 

PA owe GOUT || <a 
PHI 1 high to CLKOUT high | | 4 


MK68200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS 
(UPC, GP, AND PRIVATE BUSES) 


DESCRIPTION 
PHI 1 low to R/W, HB, or LB 
valid 


rae 
on 









UNITS | NOTES 


76 


—_ 
— 
oO 


2 


“~s 
—_ 
ol 
~ 
oO) 


| 


PHI 1 high to AS low 
PHI 1 low to address valid 


5 


AS low to address invalid 70 


PHI 1 low to tri-state address 


16 —_| Tri-state address to DS, LDS, 
or UDS starting low (fast cycle) 


= 
© 
Oo 


ook 
a 


165 110 


115 


3 


PHI 1 low to data out valid during 
write 

PHI 1 low to R/W, HB, LB 

invalid 

PHI 1 low to address/data bus 
driven 


AS low to DS, LDS, or UDS 
starting low (fast cycle) 


PHI 1 low to DS, LDS, or UDS 
low (fast cycle) 


225 


3 


150 
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MK68200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS 
(UPC AND GP BUSES) 


_ 4 MHz 6MHz 


NO. | DESCRIPTION MIN MAX UNITS | NOTES 


22 | Tri-state address to DS, LDS, 135 ns 
or UDS starting low (standard 
cycle) 
23 | PHI 1 high to DS, LDS, or UDS 165 110 
low (standard cycle) 


24 | Valid Data Setup to PHI 1 low 10 | ons | 2 
25 AS low to DS, LDS, or UDS 225 350 150 230 2 
starting low (standard cycle) 














R/W, HB, or LB valid to AS 
starting low 










Address valid to AS starting low 


Input data hold time from PHI 1 
low 










29 Input data hold time from DS, 


LDS, or UDS high 


30 PHI 1 low to DS, LDS, or UDS 


high 
DTACK low setup to PHI 1 high 




























MK68200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (UPC BUS) 





NOTES 


LDS, UDS, or DS high to —30 —30 

DTACK high (hold time) 

LDS, UDS, or DS pulse width 240 150 ons | 
35 | PHI 1 low to data out invalid ae) 0 ae a ae 
37 | DS, LDS, or UDS high to data 180 110 ns 

out invalid 
38 | DS, LDS, or UDS high to AS 5 5 

high 


ena a FEM 
100 450 100 


50 600 50 400 
BGACK, AS, DTACK, inactive 


ACI 0 0 400 
to BGACK low; BG already low 
42 BGACK low to AS, UDS, LDS, 40 135 40 
or address/data bus driven 


43 | AS, LDS, UDS or address/data 0 180 0 120 
bus tri-state to BGACK high 






=] 
n 
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MK68211 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (GP BUS) 


44 


Tri-state AS, DS, R/W, LB, HB 









UNITS | NOTES 


QW 
oO 
Oo 


_, 
N“\ 
on 
—_ 
) 
oO 








to BUSOUT low (bus grantor, fast 
cycle, (no wait states) 









1900 1200 





15 
520 
70 
50 


on “NJ ~_ 


BUSIN low to BUSOUT low (bus 
grantor, fast cycle, no wait states) 
BUSOUT high to AS, R/W, LB, 
HB driven (bus grantor) 
= Tri-state address/data bus to 

4 BUSOUT high to address/data 
bus driven (bus grantor) 
BUSOUT Iow to AS, DS, RW, 240 


45 
47 BUSIN high to BUSOUT high 
(bus grantor) 
48 
BUSOUT low (bus grantor) 
9 
LB, HB driven (bus requestor, 


150 








| BUSIN low) 
BUSIN low to AS, DS, RM, LB, 270 650 180 
HB driven (bus requestor, 
BUSOUT low) 
Tri-state AS, DS, R/W, LB, HB, 180 100 





to BUSOUT high (bus requestor) 
BUSOUT high to BUSIN high 
(bus requestor) 
54 BUSIN low to address/data bus 350 
driven (bus requestor) 
100 


Tri-state address/data bus to 
BUSOUT high (bus requestor) 
MK68E200 BUS AC ELECTRICAL SPECIFICATIONS (PRIVATE BUS) 


No DESCRIPTION 


ee Valid Data Setup to PHI 1 low 30 
57 _| PBR/W valid to PBAS starting 40 
low 
Address valid to PBAS starting 
low 
Input data hold time from PHI 1 
low 
Input data hold time from PBDS 
high 


53 





ff 
>] 
Oo 


















UNITS | NOTES 






35 


Lh 
[e) 
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MK68E200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (PRIVATE BUS) (Cont.) 


DESCRIPTION 


PHI 1 low to PBDS high 
PBDTACK low setup to PHI 1 high 


PBDS high to PBDTACK high 
(hold time) 


a 
—s 
6 | Pa0s 
—s 











Active and inactive 
pulse times 













72 Input data hold from the falling 40 
edge of STRH, STRL 
73 RDYH, RDYL low time 1 3 1 3 state 1 
times 


74 Delay from STRH, STRL high to 
RDYH, RDYL low 

75 Delay from data valid to RDYH, 
RDYL high (output mode) 

76 Delay from STRH high to data out 
(bidirectional mode) 

77 Port 0 data hold time from STRH 25 20 
low (bidirectional mode) 

78 Delay to Port 0 float from STRH 85 55 
low (bidirectional mode) 


79 | TCLK,RCLK period | as input | .250 167 
TCLK,RCLK period 1.0 DC 667 DC 
(synchronous) 













(asynchronous) 
TCLK, RCLK width low| as input | 1 
81 | TCLK, CLK width high | as input | 1 


MK68200 INPUT/OUTPUT AC ELECTRICAL SPECIFICATIONS 


DESCRIPTION UNITS | NOTES 


| TCLK low to SO__| TCLK as input 
delay (sync mode) 
TCLK as output 


mode) RCLK as output 
S| hold time from | RCLK as input 
RCLK high 

(sync mode) RCLK as output 





SI to RCLK high | RCLK as input 80 | 
setup time (sync 


NOTES 

1. One state time is equa! to one-half of the instruction clock (PHI 1) period. 

2. For the private bus case, the signals referenced apply to the equivaient 
private bus signals. 







LOAD 1 LOAD 2 
IN914 
TEST POINT TEST POINT 
6491) 
(1%) 2KQ (1%) 
20K 150 pF 
150 pF 
(1%) 
pea ees TEST LOAD 2 IS APPLICABLE TO 


— — P1-12 AND P1-8. 


TEST LOAD 1 IS APPLICABLE TO 
ALL PINS EXCEPT P1-12 AND P1-8. 


Figure 21. Output Test Load 
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CuK 1 , ; cr) AITO. 
(EXTERNAL CLOCK 
SIGNAL) 
AESEl Sy 


70) 70) 


X12, X!1, X10, 
TAI, TBI, NMi 
STRL, STRH 


Figure 22. MK68200 AC Timing 


So $1 S2 $3 S4 $5 





PHI 1 
(7) (8) 
® ©) 
CLKOUT 
| | |e 
R/iW C > 





»| 
63 @) 


| 
AS Le 
-»| 
r a 
nO (READ) {nooness 


a 






A/D (WRITE) 


Figure 23. MK68201 UPC Bus Timing (Fast Cycle) 
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PHI 1 


DTACK 





A/D 


Figure 24. MK68201 UPC Bus Timing (Standard Cycle) 


3-250 


_ 

BG 
BGACK 

ceorerrs 
@ 

AS 

DS 
TACK 


Figure 25. MK68201 UPC Bus Arbitration Timing 
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so S1 $2 $3 S4 $5 


PHI 1 


CLKOUT 


R/W 
LB HB 





A/D (READ) 





DTACK 


A/D (WRITE) 


Figure 26. MK68211 GP Bus Timing (Fast Cycle) 
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eer ere Stet acumen net te hf Ae ee Ar 


PHI 1 





CLKOUT 


R/W 
LB HB 








a ee | me piss 
(were) qd DATA OUT ; 
k$-@->| fae Gr) 


Figure 27. MK68211 GP Bus Timing (Standard Cycle) 
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CLKOUT 





HB* 


LB* 


R/W* 


Figure 28. MK68211 GP Bus Timing (Interrupt Acknowledge Timing) 
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BUS OUT 


A/D 


Figure 29. MK68211 GP Bus Arbitration Timing (Bus Grantor) 


al 
Z| Gl 
wD 
=| 


BUS OUT 


BUS IN 


A/D 





Figure 30. MK68211 GP Bus Arbitration Timing (Bus Requestor) 
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so $1 S2 $3 $4 $5 


PHI 1 


© 


CLKOUT 





PBR/W 
PBHB, PBLB 


PBAS 


REAG) ADDRESS ¥ 


_ ~e 2 


PBDS 


PBDTACK 


PB A/D 
(WRITE) 





Figure 31. MK68200 Private Bus Timing (Fast Cycle) 


3-256 


STRH 


STRL 





Figure 32. Input/Output AC Timing (Data Input) 


PORT 0 
OUTPUT 


RDYH 
RDYL 


STRH 
STRL 





Figure 33. Input/Output AC Timing (Data Output) 
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PORTO INPUT DATA (] OUTPUT DATA }) 


STRL 


RDYL 


RDYH 


STRH 





TCLK 





so 


RCLK 


Sl 





Figure 35. Input/Output AC Timing (Serial 1/O) 
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PART NUMBERING INFORMATION 
There are two types of part numbers for the 68200 


family of devices. The generic part number describes 
the basic device type, the amount of ROM and RAM, 


Generic Part Number 


the desired package type, temperature range, power 
supply tolerance, and expandable bus interface type. 
The device order number indicates the specific mask 
set Mostek will use to manufacture the device, along 
with package type, speed grade and temperature range. 


An example of the generic part number is shown below: 


MK 6 8 201 / 4 - O 


4 N 
i T 7 

















6 


Denotes maximum instruction clock 


frequency. 
4 = 4 MHz 
6 = 6 MHz 


Denotes operating temperature range. 


0 = 0°C to +70°C 


1 = —40°C to +85°C3 


Package Type. 


Hod ie i tk 


RAM Designator. 








ROM Designator. 


II 








P 
N 
E 
Q 
G 
4 
8 
C 
0 
4 





NOTES 

1. Available for emulator only. 

2. Must be “0” when specifying the emulator. 
3. Contact Mostek for availability. 


Basic Device Type. 68201 
68211 

68E201 

68E211 


68E221 


Ceramic DIP 

Plastic DIP 

Leadiess Chip Carrier’ 
Plastic Leaded Chip Carrier? 
Pin Grid! 

256 Bytes 

= 512 Bytes 

= 1024 Bytes! 


None? 
= 4K Bytes 


UPC Bus 

GP Bus 

Emulator with 
UPC Bus 
Emulator with 

GP Bus 

Emulator with 
GP/UPC input pin? 
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Device Order Number 


An example of the device order number is shown below: 


MK 4115 2 N 


NOTES 

1. Available for emulator only. 

2. Intended for prototype orders only. 
3. Contact Mostek for availability. 


Denotes maximum instruction clock frequency. 
4 = 4 MHz 
6 = 6 MHz 


Denotes operating temperature range. 
0 = 0° to +70°C 
1 —40°C to +85°C3 


Ceramic DIP2 
Plastic DIP 
E = Ceramic Leadless Chip Carrier’ 
Q = Plastic Leaded Chip Carrier? 
G = Ceramic Pin Grid Array! 
Version/Code Specific Number. 
For MK68201, MK68211: 
002 = No ROM version (standard catalog item) 
Oxx = Reserved for catalog codes 
100 - 999 = Customer Code (Mostek Assigned) 
For MK68E201, MK68E211, MK68E221: 
000 = UPC, 256 bytes RAM, no ROM 
010 = GP, 256 bytes RAM, no ROM 
020 = GP/UPC, 1024 bytes RAM, no ROM? 


Package Type. P 
N 


Basic Device Type. 
40 = Emulator Version 
41 = UPC, 0 or 4K bytes ROM, 
256 bytes RAM 
42 = GP, 0 or 4K bytes ROM, 
256 bytes RAM 
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PART NUMBER EXAMPLES (A noninclusive list) 


MK68201/44N-04 Device Order Number = MK41XXXN-04 
Speed = 4MHz 

Temperature = 0° to 70°C 

Package = 48 pin plastic 

RAM = 256 bytes 

ROM = 4096 bytes 

Bus = UPC 


Device Order Number = MK42002N-06 
Speed = 6MHz 

Temperature = 0° to 70°C 

Package = 48 pin plastic 

RAM = 256 bytes 

ROM = None 

Bus = GP 


Device Order Number = MK40010E-14 
Speed = 4MHz 

Temperature = —40° to +85°C 
Package = 84 pin ceramic LCC 

RAM = 256 bytes 

ROM = None 

Bus = GP 


Device Order Number = MK40020G-06 
Speed = 6MHz 

Temperature = 0° to 70°C 

Package = 84 lead PGA 

RAM = 1024 bytes 

ROM = None 
Bus = GP/UPC 
















MK68211/04N-06 









| ns 


MK68E211/04E-14 

















MK68E221/0CG-06 
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MK68200 48-Pin Plastic Dual-In-Line 
Package (N) 




















U 


| : 
ai -_— ; ol 





23 EQUAL SPACES 
poe 0.100 + 0.010 (T.N.A.) 


MILLIMETERS ; INCHES 
[wns wax 


ae 1.794 | 0.090 | 
[15.24 | 17.78 | 0.600. 
onset | 0.599 | 0.015 | 








MK68200 48-Pin Ceramic Dual-In-Line 


Package (P) 


48 25 








NOTES 
1. Package stand off to be measured per JEDEC requirements. 
2. Measured from centerline to centerline at lead tips. 
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INCHES 









NI ° 
° 





B 015 


°o 


0 
2.370 


= 

°o 
S 
hr 
m 
n 














MK68E200 84-Pin 
Ceramic Leadless Chip Carrier (E) 


TOP VIEW 





4 


LMT ix AANANRANANANG 

















if ah 








BOTTOM 
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FUNCTION 


P1-4/XIO 
P1-5/XI1 
P1-6/XI2 
P1-7 
P1-8 
P1-9 
P1-10 
P1-11 
GP/UPC + 
P1-12 
P1-13 
P1-14 
P1-15 
PBLB 
PBHB 
PBR/W 


LCC 


24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
35 
36 
37 
38 
39 
40 
At 
42 
43 





FUNCTION 


P4-8/RDYL 
P4-9/RDYH 
P4-10/STRL 


P4-11/STRH 


MODE 
CLK2 
CLK2 
CLKOUT 
FC1 + 
GROUND 
PO-15 
PO-14 
P0-13 
PO0-12 
PO-11 
PO-10 
PQ-9 
P0-8 
PQ-7 


CHIP CARRIER 
1 84 75 


MK68E200 


Lcc 
OR 
PLCC 


(TOP VIEW) 








LCC FUNCTION LCC FUNCTION 
44 PO-6 PB-9 

45 PO-5 PB-10 

46 PO-4 PB-11 

47 P0-3 PB-12 

48 PO-2 PB-13 

49 PO-1 PB-14 

50 PO-0 PB-15 

51 FC2 + P4-13/TAI 
54 VCC P4-12/TBI 
55 GROUND P4-15/TAO 
56 PB-0 P4-14/TBO 
57 PB-1 RESET 
58 PB-2 NMI 

59 PB-3 P1-0/SO 
60 PB-4 P1-1/TCLK 
61 PB-5 P1-2/RCLK 
62 PB-6 P1-3/SI 

63 PB-7 VCC 

64 PB-8 





+ AVAILABLE ON MK68E221 (1K RAM VERSION) 


Figure 36. MK68E200 Pin Assignment, Emulator Version 
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CREOLE 


MK68HC200 16-BIT 


SINGLE-CHIP MICROCOMPUTERS 
.. MK68HC201/MK68HC211/MK68HC221 





__MOSTEK — PRELIMINARY 


FEATURES 

C) 16-bit high performance, single-chip microcomputer 
[] Modular architecture 

[] Power saving stop and idle modes 


L] 14 address and data registers 
— Eight 16-bit or sixteen 8-bit data registers 
— Six 16-bit address registers 


L] Advanced 16-bit instruction set 
— Bit, byte and word operands 
— Nine addressing modes 
— Byte and word BCD arithmetic 


CJ High performance (12.5 MHz instruction clock) 
— 0.24 us register-to-register move or add 
— 168 ws 16 x 16 multiply 
— 1.84 ps 32/16 divide 


CL] Available with O or 4k bytes of ROM 


[| 256 bytes of RAM 


C] Three 16-bit timers 
— Interval modes 
— Event modes 
— One-shot modes 
— Pulse and period measurement modes 


(] Serial channel 
— Double buffered receive and transmit 
— Asynchronous to 781Kbps 
— Synchronous to 3.125Mbps 
— Address wake-up recognition and generation 
— Internal/external baud rate generation 


CL] Parallel I/O 
— Up to 40 pins 
— Direction programmable by bit 
— One 16-bit or 2 8-bit port(s) with handshaking 


LJ] Interrupt controller 
— 16 independent vectors 
— Expandable to handle an unlimited number 
of interrupts 
— Eight external interrupt sources 


MICROCOMPUTER COMPONENTS 


— One non-maskable interrupt 
— Individual interrupt masking 


Lj Optional external bus 
— 16-bit multiplexed address/data bus 
— Automatic bus request/grant arbitration 
— Two control bus versions 
e¢ 68000 compatible bus (UPC) (MK68HC201) 
e General Purpose bus (GP) (MK68HC211) 


C] Emulator version available 
— Added private bus 
— No on-chip ROM 
— 512 bytes on-chip RAM 
— GP or UPC bus version with one part 
(MK68HC221) 


C] 16, 20, and 25 MHz time base versions produce 8, 
10 and 12.5 MHz instruction clock rates respec- 
tively 
— Crystal or external TTL clock 


[] Single +5 volt power supply 


C] Plastic or Ceramic Chip carrier packaging 


GENERAL DESCRIPTION 


MK68HC200 designates a series of new high- 
performance, 16-bit, single-chip microcomputers from 
Thomson Components - Mostek Corporation. Im- 
plemented in 1.5 micron HCMOS technology, they in- 
corporate an architecture designed for superior 
performance in computation-intensive control applica- 
tions. A modern, comprehensive instruction set (which 
features both high speed execution and code space ef- 
ficiency) is combined on-chip with extensive, flexible I/O 
capabilities. On-chip RAM and optional on-chip ROM 
are provided with a full 64K byte addressing space. 


The MK68HC200 can be used to design a true appli- 
cation specific microcontroller. The circuit is partitioned 
into three major functional blocks: CPU, memory, and 
/O. The CPU is the core of the circuit and communi- 
cates with the memory via the memory address and 
data bus, and with the I/O via the I/O bus. New |/O or 
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memory modules can be designed and added to the tures listed abuve. This is consistent with the features 
CPU core to customize the MK68HC200 for a particu- available on the NMOS MK68200. Future product offer- 
lar application. The initial product offerings in the ings will contain various assortments of on-chip I/O and 
MK68HC200 family will contain I/O and memory fea- memory modules. 


" 68HC200 
CPU CORE 
CLOCK SUPPLY 


INTERRUPT CONTROLLER 


VO BUS 


MEMORY 
BUS 


4 
I 


a 





Figure 1. MK68HC200 - Modular Architecture Concept 
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Figure 2. MK68HC201, MK68HC211 Logical Pinout, Single-Chip Mode 
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SINGLE-CHIP DESCRIPTION 


Figure 2 illustrates the functions of specific pins for an 
MK68HC201 or MK68HC211, operating in a single-chip 
mode. When the device is operating in one of the ex- 
panded bus modes, the pins on Port 0 become the mul- 
tiplexed address/data bus, and the upper half of 


Port 1 becomes the control signals (GP or UPC) for the 
bus. The following description applies to the pins only 
when the device is used in the non-expanded or single- 
chip mode. Descriptions of the pin functions for the ex- 
panded bus modes are in the Expanded Bus Opera- 
tion section of this data sheet. 





MNEMONIC 





| PIN FUNCTIONS FOR SINGLE-CHIP OPERATION 








+—— == 





L 
Voc 
GND 


RESET 
CLKOUT 
CLK1, CLK2 


NMI 


MODE 


P0-0 - P0O-15 


P1-0 - P1-15 


P1-6/X12 
P4-5/X11 


P1-4/X10 


P1-3/S! 


P1-2/RCLK 


P1-1/TCLK 


P1-0/SO 








Supply voltage 4.5 to 5.5 V 


Ground 





Reset (input, active low) - RESET input overrides ongoing execution (including interrupts) 
and resets the chip to its initial power-up condition. RESET cannot be masked. 





Clock Output (output) - CLKOUT will output the instruction clock rate, which is one-half 
of the frequency provided on CLK1 and CLk2. 


Time base inputs (inputs) - CLK1 and CLK2 may be connected to a crystal, or CLK1 may 
be connected to an external TTL-compatible oscillator while CLK2 is left floating. 


Non-maskable interrupt (input, active low, negative edge triggered) - The NMI request line 
has a higher priority than all of the maskable interrupts. NMI is always enabled regardless of 
the state of the L1E (Level 1 Interrupt Enable) bit in the Status Register. 


Mode (input) - The MODE pin has three states, which select fully expanded external bus, 
partially expanded external bus, or no expanded bus (single-chip configuration). 


Port 0 (input/output) - Each bit in Port 0 may be individually programmed for general pur- 
pose input or output. Port 0 also has several handshaking modes to allow parallel, asyn- 
chronous communication with other devices. The high and low bytes may be programmed 
individually or jointly to be inputs, outputs, or bidirectional. 


Port 1 (input/output) - Each of the 16 bits in Port 1 may be individually programmed for 
input or output. Additionally, the lowest seven bits of Port 1 may be programmed to serve 
specific alternate functions as shown below. 


External Interrupt 2 (input, rising or falling edge triggered) - The programmer may select 
the rising or falling edge as active for X!2. 


External Interrupt 1 (input, falling edge triggered) - The XI1 may be used to interrupt the 
MK68HC200 on the falling edge of an input pulse. 


External Interrupt 0 (input, low level triggered) - The XI0O interrupt input is level triggered 
(unlike X11 and X12). It may be used to produce an internally vectored interrupt or to cause 
an external fetch of an interrupt vector number when the MK68HC200 is used in an ex- 
panded mode with the GP bus. 


Serial Input (input, active high) - SI is used to receive serial data when the receiver is 
enabled. 


Receive Clock (input/output, active high) - Depending on the mode programmed, RCLK 
can be used by the serial port as either an input or an output pin. When used as an input 
pin, RCLK provides the receive clock and/or the transmit clock. When RCLK is not provid- 
ing the transmit or receive clock, it can be used as an output for Timer C. In this mode, 
the receive clock is being provided by Timer C. 


Transmit Clock (input/output, active high) - Depending on the mode programmed, TCLK 
can be used by the serial port as either an input or an output pin. When used as an input 
pin, TCLK provides the transmit clock. When TCLK is not providing the transmit clock, it 
can be used as an output for the Timer C. In this mode, the transmit clock is being provid- 
ed by either Timer C or RCLK. 


Serial Output (output, active high) - SO is used to transmit serial data when the transmitter 
is enabled. 
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MNEMONIC 


P4-8 - P4-15 








as listed below. 
P4-15/TAO 









P4-14/TBO 


loaded into the Timer B latch. 
P4-13/TAI 












P4-12/TBI 


trigger input. 










P4-11/STRH, 
P4-10/STRL 











P4-9/RDYH, 
P4-8/RDYL 


MK68HC200 APPLICATIONS 


The MK68HC200 is designed to serve the needs of a 
wide variety of control applications, which require high 
performance operation with a minimal parts count im- 
plementation. Industrial controls, instrumentation, and 
intelligent computer peripheral controls are all exam- 
ples of applications served by the MK68HC200. High 
speed mathematical ability, rapid 1/O addressing and 
interrupt response, and powerful bit manipulation in- 
structions provide the necessary tools for these applli- 
cations. In addition to its single-chip microcomputer 
configuration, both distributed intelligence and parallel 
multiprocessing system configurations are supported 
by the MK68HC200, as illustrated in Figures 10 and 11. 


In applications requiring loosely-coupled distributed in- 
telligence, several MK68HC200’s may be interconnect- 


PIN FUNCTIONS FOR SINGLE-CHIP OPERATION 


Port 4 (inputs and outputs) - P4-8, P4-9, P4-14, and P4-15 may be used as general purpose 
outputs, and P4-10, P4-11, P4-12, and P4-13 may be used as general purpose inputs. Inter- 
rupts may be generated on the positive transitions on P4-10 and P4-11. Depending on the 
mode selected, interrupts may be generated on the positive or the negative transitions on 
P4-12, and they may be generated on the positive, negative or combined transitions on 
P4-13. Additionally, these bits may be programmed to serve specific alternate functions, 


Timer A Output (output) - TAO may be programmed for special functions in the interval, 
event, and pulse/period modes for Timer A. In the interval mode, TAO’s state is determined 
by the Timer A latch (high and low) that is currently active. That is, if the counter is using 
the high latch for comparison, TAO is high. In the event mode, TAO is initialized to a “1” 
state and toggles each time the counter matches the Timer A high latch. In the pulse/period 
modes, TAO is initialized to a “1” state and toggles on positive transitions on TAI. 


Timer B Output (output) - TBO may be programmed for special functions in the interval 
and one-shot modes for Timer B. In the interval mode, TBO is initialized to a ‘1” state and 
toggles each time the counter matches the Timer B latch value. In the one-shot modes 
TBO is initialized to a “1” state, and the counter begins counting in response to the occur- 
rence of an active edge on TBI. TBO will not go low until the counter matches the value 


Timer A Input (input, positive and/or negative edge triggered) - TAl may be programmed 
for special functions in the event mode or the pulse/period modes for Timer A. In the event 
mode, the counter is incremented on each active transition (positive or negative edge 
programmable) on TAI. In the pulse/period modes, the counter measures the time during 
which the signal on TAI remains high and low. 


Timer B Input (input, positive or negative edge triggered) - TBI may be programmed for 
special functions for the Timer B one-shot modes. In the one-shot modes, TBI acts as a 


Strobe High Byte, Strobe Low Byte (input, active high) - STRH and STRL are both used 
for input, output and bidirectional handshaking on Port 0. These signals are issued by the 
peripheral to acknowledge the receipt of data made available by the MK68HC200, or are 
issued by the peripheral to load data from the peripheral into the Port O input register. 


Ready High Byte, Ready Low Byte (output, active high) - RDYH and RDYL are used for 
input, output, and bidirectional handshaking on Port 0. The ready signal goes active to 
indicate that peripheral data is stable and ready for transfer to the peripheral or is used 
when Port 0 is empty and is ready to accept data from the peripheral. 





















ed on a common serial network. The on-chip USART 
supports a wake-up mode in which an additional bit is 
appended to the data stream to distinguish a serial data 
word as address or data. The wake-up logic prevents 
the serial channel from generating interrupts unless cer- 
tain criteria have been met. The wake-up options avail- 
able are: Wake-up on any address or data character, 
wake-up on any address, or wake-up on address 
match. 


Alternately, the MK68HC200 may be configured as an 
expandable CPU device which can access external 
memory and I/O resources. In this operating mode, 
parallel I/O pins are replaced by multiplexed ad- 
dress/data and control lines. Bus arbitration logic is in- 
corporated on the chip to support a direct interface in 
parallel snared bus multiprocessor system configura- 
tions. Two versions exist which support two types of con- 
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trol signals present on the expanded bus configuration. 
The General Purpose (GP) bus option allows the 
MK68HC200 to operate either as an executive or a 
peripheral processor. As an executive processor, the 
MK68HC200 can control an external system bus and 
grant the use of it to requesting devices, such as DMA 
controllers and/or peripheral processors. As a peripheral 
control processor, the MK68HC200 can provide intelli- 
gent local control of an I/O device in a computer sys- 
tem and, thereby, relieve the executive processor of 
these tasks. In this configuration, the MK68HC200 has 
the capability of effectively performing DMA transfers 
between system memory and the I/O device. The on- 
chip resources of ROM, RAM, and I/O are accessed 
within the MK68HC200 without affecting utilization of 
the shared system bus. Therefore, only external com- 
munications compete for bus bandwidth. 


The Universal Peripheral Controller (UPC) bus option 
supports a direct interface to a 68000 executive proces- 
sor. Thus, the MK68HC200 can be used as a cost- 
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effective intelligent peripheral controller in 68000 sys- 
tems. The UPC version’s direct bus interface to the 
68000 makes the MK68HC200 particularly well-suited 
for performing many intelligent I/O functions in a68000 
system. For example, since the MK68HC200 includes 
both a serial channel and an external bus capable of 
performing DMA transfers, it can be programmed to act 
as serial protecol controller with DMA capability. 


For additional information on the MK68HC200 refer to 
the MK68HC200 Principles of Operation Manual, pub- 
lication number 4430196. 


PROCESSOR ARCHITECTURE 


The MK68HC200 microcomputer contains an advanced 
processor architecture, combining the best properties 
of both 8- and 16-bit processors. A large majority of in- 
structions operate on either byte or word operands. 
Figure 3 summarizes the internal architecture of the 
MK68HC201 and MK68HC211. 
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CONTROL 


INTERRUPT 
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WORD/BYTE 
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MEMORY ADDRESS 8US (16 BITS) 


Figure 3. MK68HC201, MK68HC211 Block Diagram 
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REGISTERS 


The MK68HC200 register set includes three system 
registers, six address registers, and eight data registers. 
The three 16-bit system registers (Figure 4) include a 
Program Counter, a Status Register, and a Stack 
Pointer. The six address registers may be used 
either for 16-bit data or for memory addressing. The 
eight 16-bit data registers are used for data and may 
be referenced as sixteen 8-bit registers, providing great 
flexibility in register allocation. 


ADDRESSING 


The MK68HC200 directly addresses a 64K byte 
memory space, which is organized as 32K 16-bit words. 
The memory is byte-addressable, but most transfers oc- 
cur 16 bits at a time, for increased performance over 
8-bit microcomputers. All input/output is memory- 
mapped, and the on-chip I/O is situated in the top 1K 
bytes of the address space. In the single-chip mode, 
all resources including ROM, RAM, and I/O, are ac- 
cessed via an internal or private bus. The memory map, 
which is accessed by this bus in the single-chip mode, 
is depicted in Figure 5. Note on-chip RAM always be- 
gins at $F BFF and extends downward. ROM always be- 
gins at zero and extends upward. 


Nine addressing modes provide ease of access to data 
in the MK68HC200, as depicted in Table 1. The four 
register indirect forms utilize the address registers and 
the Stack Pointer and support many common data 
structures such as arrays, stacks, queues, and linked 
lists. 1/O Port addressing is a short form addressing 
mode for the first 16 words of the I/O port space and 
allows most instructions to access the most often refer- 
enced I/O ports in just one word. Many microcomputer 


applications are I/O intensive and short, fast address- 
ing of I/O has a significant impact on performance. 


INSTRUCTION SET 


The MK68HC200 instruction set has been designed 
with regularity and ease of programming in mind. In ad- 
dition, instructions have been encoded to minimize 
code space, a feature which is especially important in 
single-chip microcomputers. Small code space is relat- 
ed to execution speed, and most instructions execute 
in either three or six instruction clock periods. See Ta- 
ble 2. 


In addition to operations on bytes and words, the 
MK68HC200 has rapid bit manipulation instructions that 
can operate on registers, memory, and ports. The bit 
to be affected may be an immediate operand of the in- 
struction, or it may be dynamically specified in a 
register. Operations available include bit set, clear, test, 
change, and exchange; and all bit operations perform 
a bit test as well. Since each instruction is indivisible, 
this provides the necessary test-and-set function for the 
implementation of semaphores. 


The MOVE group of instructions has the most exten- 
sive capabilities. A wide variety of addressing mode 
combinations is supported including memory-to- 
memory transfers. A special move multiple is included 
to save and restore a specified portion of the registers 
rapidly. 


In total, the MK68HC200 instruction set provides a 
programming environment, similar to the 68000, which 
has been optimized for the needs of the single-chip 
microcomputer marketplace. A summary of the instruc- 
tion set is provided in Table 3. 


Table 1. Addressing Modes 


Register 


Register Indirect 


Register Indirect with Post-increment 
Register Indirect with Pre-decrement 


Register Indirect with Displacement 
Program Counter Relative 

Memory Absolute 

Immediate 
I/O Port 
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DATA REGISTERS: 





ADDRESS REGISTERS: 


15 


15 


14 


13 


12 


11 


7 6 5 4 3 2 


10 9 8 


LEVEL 1 INTERRUPT 
ENABLE 


Figure 4. Register Set 
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1 0 


NEGATIVE 
ZERO 
OVERFLOW 
CARRY 


DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 


AO 


Al 


A3 


A4 


AS 


SR 


ADDRESS CONTENTS 


SFFFF 
es FUTURE I/O EXPANSION AREA 
RESERVED 
SFC28 ( 
F 
PORTS aang PORT 0 THROUGH PORT 19 
pra ae 
SFA00 ON-CHIP RAM (UP TO 512 BYTES) 
FUTURE RAM AND 
ROM EXPANSION 
$4000 
S3FFF 
ON-CHIP 
(UP TO 16384 BYTES) 
$0020 
$001F INTERRUPT 
$0000 VECTORS 


Figure 5. Addressing Space For Single-Chip Configuration 


Table 2. Instruction Execution Times 


with 8 MHz with 10 MHz | with 12.5 MHz 
Instruction Type i Clock (us) Clock (us) Clock (us) 


Move Register-to-register 
Add Register-to-register (binary or BCD) 


Move Memory-to-register 


Add Register-to-memory 


Multiply (16 x 16) 
Divide (32/16) 


Move Multiple (save or restore all registers) 
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DNEG.B 
DNEGC 
DNEGC.B 


DSUB 
DSUB.B 
DSUBC 
DSUBC.B 


Tabie 3. Instruction Set Summary 


ADD 

ADD BYTE 

ADD WITH CARRY 

ADD WITH CARRY BYTE 
LOGICAL AND 

LOGICAL AND BYTE 
ARITHMETIC SHIFT LEFT 
ARITHMETIC SHIFT LEFT BYTE 
ARITHMETIC SHIFT RIGHT 
ARITHMETIC SHIFT RIGHT BYTE 
BIT CHANGE 

BIT CLEAR 

BIT EXCHANGE 

BIT SET 

BIT TEST 

CALL ABSOLUTE 

CALL RELATIVE 

CLEAR 

CLEAR BYTE 

COMPARE 

COMPARE BYTE 

DECIMAL ADD 

DECIMAL ADD BYTE 

DECIMAL ADD WITH CARRY 
DECIMAL ADD WITH CARRY BYTE 
DISABLE INTERRUPTS 

DIVIDE UNSIGNED 

DECREMENT COUNT AND JUMP 
IF NON-ZERO 

DECREMENT COUNT BYTE AND 
JUMP IF NON-ZERO 

DECIMAL NEGATE 

DECIMAL NEGATE BYTE 
DECIMAL NEGATE WITH CARRY 
DECIMAL NEGATE WITH CARRY 
BYTE 

DECIMAL SUBTRACT 

DECIMAL SUBTRACT BYTE 
DECIMAL SUBTRACT WITH CARRY 
DECIMAL SUBTRACT WITH CARRY 
BYTE 

ENABLE INTERRUPTS 
EXCLUSIVE OR 

EXCLUSIVE OR BYTE 
EXCHANGE 

EXCHANGE BYTE 

EXTEND SIGN 

HALT 

IDLE 
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JUMP ABSOLUTE 

JUMP RELATIVE 

LOAD INDEXED BYTE ADDRESS 
LINK 

LOAD INDEXED WORD ADDRESS 
LOGICAL SHIFT RIGHT 

LOGICAL SHIFT RIGHT BYTE 
MOVE 

MOVE BYTE 

MOVE MULTIPLE REGISTERS 
MOVE MULTIPLE REGISTERS BYTE 
MULTIPLY SIGNED 

MULTIPLY UNSIGNED 

NEGATE 

NEGATE BYTE 

NEGATE WITH CARRY 

NEGATE WITH CARRY BYTE 

NO OPERATION 

ONE’S COMPLEMENT 

ONE’S COMPLEMENT BYTE 
LOGICAL OR 

LOGICAL OR BYTE 

POP 

POP MULTIPLE REGISTERS 
PUSH 

PUSH MULTIPLE REGISTERS 
RETURN FROM SUBROUTINE 
RETURN FROM INTERRUPT 
ROTATE LEFT 

ROTATE LEFT BYTE 

ROTATE LEFT THROUGH CARRY 
ROTATE LEFT THROUGH CARRY 
BYTE 

ROTATE BYTE 

ROTATE RIGHT BYTE 

ROTATE RIGHT THROUGH CARRY 
ROTATE RIGHT THROUGH CARRY 
BYTE 

STOP 

SUBTRACT 

SUBTRACT BYTE 

SUBTRACT WITH CARRY 
SUBTRACT WITH CARRY BYTE 
TEST 

TEST BYTE 

TEST NOT 

TEST NOT BYTE 

UNLINK 





INPUT/OUTPUT ARCHITECTURE 


The I/O capabilities of the MK68HC200 are extensive, 
encompassing timers, a serial channel, parallel I/O, and 
an interrupt controller. All of these devices are acces- 
sible to the programmer as ports within the top 1K bytes 
of the address space, and the most commonly ac- 
cessed ports may be accessed with the short port 
addressing mode. A description of these ports is given 
in Table 4. 


In total, 40 pins of the 48 are used for 1/O, and their 
functions are highly programmable by the user. In par- 
ticular, many pins can perform multiple functions, and 
the programmer selects which ones are to be used. For 
example, TAl may be used as an input for Timer A, an 
interrupt source, or a general purpose input pin. The 
interrupt Source may be selected simultaneously with 
either of the other functions. 


Table 4. Port Descriptions 





BYTE- 


PORT ADDRESS  READ/WRITE 


READ/WRITE 
READ/WRITE 


LOW BYTE: READ/WRITE 
HIGH BYTE: READ 
INPUTS: READ ONLY 
OUTPUTS: READ/WRITE 


READ/WRITE 
READ/WRITE 

STATUS: READ ONLY 
CONTROL: READ/WRITE 
STATUS: READ ONLY 
CONTROL: READ/WRITE 
READ GETS COUNTER 
WRITE GOES TO LATCH 
READ GETS COUNTER 
OR LATCH 

WRITE GOES TO LATCH 
READ GETS COUNTER 
OR LATCH 

WRITE GOES TO LATCH 
READ/WRITE 

STATUS: READ ONLY 
CONTROL: READ/WRITE 
READ/WRITE 
READ/WRITE 
READ/WRITE 

READ GETS COUNTER 
WRITE GOES TO LATCH 
AND COUNTER 


ADDRESSABLE 


FUNCTION 


16 EXTERNAL I/O PINS OR ADDRESS/DATA BUS 
16 EXTERNAL I/O PINS (INCLUDING INTERRUPT, 
SERIAL I/O PINS, AND BUS CONTROL) 
(RESERVED) 
SERIAL TRANSMIT (LOW BYTE) AND 
RECEIVE (HIGH BYTE) BUFFER 
8 EXTERNAL I/O PINS (TIMER CONTROL 
AND PORT 0 HANDSHAKE CONTROL) 
(RESERVED) 
(RESERVED) 
INTERRUPT LATCH REGISTER 
INTERRUPT MASK REGISTER 
SERIAL I/O RECEIVE CONTROL AND STATUS 


SERIAL 1/0 TRANSMIT CONTROL AND STATUS 


TIMER B LATCH 


TIMER A, LOW LATCH 


TIMER A, HIGH LATCH 


TIMER AND HANDSHAKE CONTROL 
EXPANDED BUS CONTROL AND STATUS 


PORT 0 DIRECTION CONTROL (DDRO) 
PORT 1 DIRECTION CONTROL (DDRY1) 
SERIAL 1/0 MODE AND SYNC REGISTER 
TIMER C LATCH 
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TIMERS 


The MK68HC200 includes three on-chip timers, each 
with unique features. They are denoted Timer A, Timer 
B, and Timer C. All three timers are a full 16 bits in width, 
and count at the instruction clock rate of the 
MK68HC200 processor. Thus, this rate provides a reso- 
lution equal to the instruction clock period (tc) of the 
MK68HC200. The maximum count interval is equal to 
tc *2'§. Each timer has the capability to interrupt the 
processor when it matches a predetermined value 
stored in an associated latch. 


Timer A is capable of operating in interval, event, or two 
pulse/period modes. There is one 16-bit counter and 
two 16-bit latches, a high latch (Port 13), and a low latch 
(Port 12), associated with Timer A. Once Timer A is in- 
itialized in the interval mode, the counter is reset, then 
increments at the instruction clock rate until the value 
loaded into the high latch is reached. The counter is 
then reset, increments until the low latch value is 
reached, and the cycle is repeated. In the event mode, 
the counter is incremented for every active edge on TAI 
(programmable as positive or negative) until the value 
in the high latch is reached. The counter is then reset, 
and the cycle repeats. In the pulse/period modes, the 
times are measured during which the applied pulse 
stays high and low. The counter is reset on the occur- 
rence of any transition on TAI, and increments at the 
instruction clock rate until the occurrence of the next 
transition. The value in the counter at the end of the 
high level or low level time is loaded into the appropri- 
ate latch. Interrupts may be generated each time the 
counter reaches the high latch or low latch value in the 
interval mode or when the counter reaches the high 
latch in the event mode. Also, an interrupt is generated 


whenever the counter overflows. See the Pin Descrip- 
tion section of the data sheet for TAl and TAO functions 
in the various Timer A modes. 


Timer B is capable of operating in interval or one-shot 
modes. There is one 16-bit counter and one 16-bit latch 
(Port 11) associated with Timer B. In the interval mode, 
the counter is initially reset and incremented at the in- 
struction clock rate until the value in the latch is 
reached. The counter is then reset, and the cycle 
repeats. In the one-shot modes, the counter begins in- 
crementing in response to an active transition (program- 
mable as positive or negative) on TBI. The counter is 
reset when the value in the Timer B latch is reached. 
In the retriggerable one-shot mode, active transitions 
on TBI always cause the counter to reset and begin in- 
crementing. In the non-retriggerable one-shot mode, ac- 
tive transitions on TBI have no effect until the counter 
reaches the latch value. Interrupts may be generated 
each time the counter reaches the latch value. See the 
Pin Description section of this data sheet for TB! and 
TBO functions in the various Timer B modes. 


Timer C has a 16-bit down counter and latch (Port 19) 
associated with it and operates only in the interval 
mode. The output of Timer C toggles each time the 
counter value rolls over from 0 to the latch value and 
may be used to internally supply the baud rate clock 
for the serial port. Also, an interrupt may be generated 
each time the counter rolls over to the latch value. Timer 
C may be output on the TCLK pin (P1-3), depending on 
the mode programmed. 


A detailed description of the Timer Control Port is given 
on the next page. 





Table 5. Timer Modes 





Timer | Modes 


Interval 
Event 


| Pulse Width and Period Measurement 





Interval 


Retriggerable One-shot 








—_—_,— 


Interval 


— 
OoO|;}wnww;) rr>yY 





sep rseui age rable One-shot 


Baud Rate Generation 
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PORT 14—Timer Control egiser read/write 
$FCIC 


HANDSHAKE 


CONTROL 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


TCE 0=Disables Timer C; all operations 
(Timer C Enable control) are inhibited, and the timer coun- 
ter is initialized. 
1=Enables Timer C; the timer 
begins operation as defined by 
the other Timer C control bits. 


TCOC 0=When TCO (Port 18) = 1, TCLK 
(Timer C Output control) is selected for use as a general 
purpose I/O pin. 
1=When TCO (Port 18) = 1, TCLK is 
selected for use as an output for 


Timer C. 
TCOC has no effect when TCO (Port 
18) = 0. 
TAM1, TAMO These bits select the operating mode 
(Timer A Mode control) of Timer A as follows. 


TAM1 TAMO MODE 


0 0 Interval 

0 1 Event 

1 0 Pulse/period 1 

1 1 Pulse/period 2 
TAE O= Disables Timer A; all Timer A 
(Timer A Enable control) operations are inhibited, and 


the timer counter is initialized. 
1= Enables Timer A; the timer be- 

gins operation as defined by 

the other Timer A control bits. 


TAIC 0= Selects a negative transition as 
(Timer A Input control) the active edge for TAI. 
1= Selects a positive transition as 
the active edge for TAI. 


TAOC 0= Selects TAO as a general 
(Timer A Output control) purpose output pin. 
1= Selects TAO as an ouput pin 
associated with Timer A; TAO 
is initialized low when TAOC is 
a one and TAE is zero. 


TBM1, TBMO These bits select the operating mode 
(Timer B Mode control) of Timer B as described below. 
TBMi TaMO = MODE 
0 0 Interval 0 
(TBO is not used) 
0 1 Interval 1 
(TBO is used) 
1 0 Retriggerable one-shot 
1 1 Non-retriggerable one-shot 


TBE 0= Disables Timer B; all oper- 
(Timer B Enable control) ations are inhibited, and the 
timer counter is initialized. 
1= Enables Timer B; the timer be- 
gins operation as defined by 
the other Timer B control bits. 


TBIC O= Selects a negative transition as 
(Timer B Input control) active on TBI. 
1= Selects a positive transition as 
active on TBI. 
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INTERRUPT CONTROLLER 


The MK68HC200 interrupt controller provides rapid 
service of up to 15 interrupt sources, each with a unique 
internal vector. The lowest 16 words of the address 
space contain the starting addresses of the service rou- 
tines of each potential interrupt Source and reset, as 
shown in Figure 6. 


Interrupt sources and RESET are prioritized in the ord- 
er shown in Figure 6, with RESET having the highest 
priority. When an interrupt is pending it sets the cor- 
responding bit in the interrupt latch located in Port 7. 
NMI is the only non-maskable interrupt. All of the other 
sources share an interrupt enable bit in the processor 


PORT 7 —Interrupt Latch Register; read/write 
$FCOE 


Status Register. This bit is automatically cleared 
whenever an interrupt is acknowledged. Also, each of 
these sources has a corresponding individual mask bit 
located in Port 8. This feature allows selective masking 
of particular interrupts, including the ability to choose 
(with minimal software overhead) any priority scheme 
desired. In fact, 15 levels of nested priority may be 
programmed. 


Note that the XI2 interrupt is detected on either a ris- 
ing or falling edge, depending upon the status of the 
XI2C bit (bit 12 in Port 14). An interrupt will be generat- 
ed on the falling edge if this bit is set to a “O’’; however, 
if the bit is set to a “1”, an interrupt will be generated 
on the rising edge. 








15 14 13 12 11 10 9 8 
PORT 8 —interrupt Mask Register; read/write 
$FC10 








15 


14 13 12 11 


ik 
(o) 
co 
© 





VECTOR NUMBER NAME 


RESET 

NON-MASKABLE INTERRUPT 
SPARE 

EXTERNAL INTERRUPT 2 
STROBE LOW 

TIMER A OUTPUT 

TIMER A INPUT 

STROBE HIGH 

RECEIVE SPECIAL CONDITION 
RECEIVE NORMAL 
EXTERNAL INTERRUPT 1 
TIMER B OUTPUT 

TIMER B INPUT 

EXTERNAL INTERRUPT 0 
TRANSMIT 

TIMER C 





NMMUOWPFrPOOANOOAWNH=AO 














MNEMONIC VECTOR LOCATION 





RESET 0000 
NMI 0002 } LEVEL 2 
SPARE 0004 
X12 0006 
STRL 0008 
TAO OO0A 
TAI 000C 
STRH OOOE 
RSC 0010 
RN 0012 LEVEL 1 
XI 0014 
TBO 0016 
TBI 0018 
X10 001A 
XMT 001C 
TC 001E 


Figure 6. Interrupt and Reset Vectors 
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SERIAL CHANNEL 


The serial channel on the MK68HC200 (Figure 7) is a 
full-duplex USART with double buffering on both trans- 
mit and receive. Port 3 High Byte is the Receive Buffer, 
and Port 3 Low Byte is the Transmit Buffer. 


Word length, parity, stop bits, and modes are fully 
programmable. The asynchronous mode supports bit 
rates up to 781 Kbps with an external clock and up to 
390Kbps with an internal clock. The byte synchronous 
mode operates up to 3.125Mbps with either an internal 
or an external clock. 








P18 
(8 15) 


SYNC/ADDRESS REGISTER 


P18 
{0 7) 









RECEIVE CONTROL & 
STATUS REGISTER 


RECEIVE SHIFT 
REGISTER 


RECEIVE BUFFER 

















TRANSMIT BUFFER 
TRANSMIT SHIFT 
REGISTER 

TRANSMIT CONTROL & 
STATUS REGISTER 





INTERNAL 1/0 BUS 


Figure 7. Serial Channel 





In addition to the typical USART functions, the serial 
channel can operate in a special wake-up mode with 
a wake-up bit appended to each data word, as illustrat- 
ed in Figure 8. This wake-up bit is used to differentiate 
normal data words and special address words. The 
receiver can be programmed to receive only address 
words or only address words with a specific data value. 
In this way, the processor can be interrupted only when 





STARTt 








it receives its particular address and can then change 
mode to receive the following data words. Wake-up 
Capability is especially useful when several 
MK68HC200 microcomputers are interconnected on 
one serial link. 


A detailed description of the serial channel control ports 
is given on the following pages. 








PARITY WAKE-UP 


(OPTIONAL) 


(OPTIONAL) 





Figure 8. Serial Frame Format 
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PORT 9 —Serial I/O Receive Control and Status Register; 
$FC12 ‘High byte: control register; read/write 
Low byte: status register; read only 





Bit Descriptions: 


RE 0= Disabled; all status flags cleared. 
(Receiver Enable control) 1 = Enabled. 

IS 0 = Disabled; interrupts may occur 
(Ignore Syncs control) on all characters received. 


1 =Enabled; interrupts cannot occur 
on sync characters received after 
the sync match is found. 


RW1, RWO The receiver wake-up control bits 
(Receiver Wake-up operate as follows. 
control) 


APPENDED BUFFER INTERRUPT 
MODE RW1 RWO WAKE-UP LOADED GENERATED 


a 


No Wake 0 0 no any RN 
up character 
Wake-up 0 1 yes any RN 
on Any character 
Character 
Wake-up 1 0 yes address RSC 
on Address match 
Match 
Wake-up 1 1 yes any RSC 
on Any address 
Address 
RC 0 = Selects external receive clock 
(Receive Clock control) applied on RCLK. 


1 = Selects internal clock from the 
on-chip baud rate generator 
(Timer C) for the receive clock. 


This bit is ignored when either 


the TCO bit or the LM (Loopback 
Mode) bit is set. 
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SIS 
(Single Interrupt Select 
control) 


BF 
(Buffer Full status) 


OE 
(Overrun Error status) 


PE 
(Parity Error status) 


FE 
(Frame Error status) 


SF/AF 
(Sync Found or Address 
Found status) 


MODES 
SS IS RW1 RWO 


xX x 


ooo0oo— 
oooo— x 
o- +O x 
-O-0 x 


0= Separate vectors are generated 
for the Receive Normal and the 
Receive Special Condition in- 
terrupts. 

1=The Receive Normal vector is 
generated for all receive charac- 
ter interrupts. 


0=Receive data buffer empty; 
cleared when receive buffer is 
read. 

1=Receive buffer full; set when an 
incoming word is loaded into the 
receive data buffer. 


0=No overrun error; cleared when 
the status register is read. 

1 = Overrun error; set when a new 
word has been received and the 
previous word has not been read 
from the receive data buffer. 


0=No Parity Error; cleared when 
the status register is read. 

1=Parity Error; set when a parity 
error has been detected on an 
incoming character in the data 
stream. 


O=No frame error; cleared when 
the status register is read. 

1=Frame error; set when a word is 
transferred to the receive data 
and no stop bit has been 
recognized. 


The FE flag applies to async for- 
mats only. 


This flag is used for both sync 
character match conditions and 
address found conditions in some 
wake-up modes as follows. SS 
stands for Sync Search mode. 


CONDITIONS THAT SET SF/AF 


Sync Found on any bit boundry 
unaffected 

unaffected 

Any Address 

Address Match 

unaffected 
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PORT 10—Serial I/O Transmit Control and Status Register 
High byte: control register; read/write 
Low byte: status register; read only 


$FC14 


15 


14 


13 








12 14 


Bit Descriptions: 


iE 
(Transmitter Enable control) 


AT 
(Automatic Turn Around control) 


LM 
(Loopback Mode control) 


TW1, TWO 
(Transmit Wake-up control) 


TC 
(Transmit Clock control) 


P/S 
(Previous/Sync control) 


10 9 8 





oe 





Disable the transmitter; any 
word being shifted out will con- 
tinue until completion. 


1=Enable the transmitter. 


j= 


No effect on TE or RE. 


1 =Causes RE to be set to a “1” 


O= 


and TE to be set to a “0” au- 
tematically at the end of a 
transmission. 


Disables loopback mode. 


1=Causes the transmitter output 


to be internally connected to 
receiver input. Also causes 
Timer C to be used for both 
the transmit and receive clocks 
regardless of the state of TC, 
RC, TCO, and TCOC. 


These bits provide control for 
wake-up operation as follows. 


TW1 TWO OPERATION 
1 0 Transmit Data 
1 1 Transmit Address 
0 X No Wake-up 
0=Selects the external clock 


signal applied on TCLK for the 
transmit clock. 


1 =Selects the internal baud rate 


generator output (Timer C) for 
the transmit clock. 


The TC bit is ignored if either the 
TCO bit or the LM bit is set. 


ee 


Selects continuous transmis- 
sion of the contents of the sync 
character register in the syn- 
chronous mode when there is 
no data to transmit. 


1 =Selects continuous transmis- 
~ sion of the transmit data buffer 
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in synchronous mode when 
there is no data to transmit. 


(reserved) 


BE O= Transmit Buffer is full; reset to 


(Buffer Empty status) 


this condition after the transmit 


buffer is reloaded. 


1= Transmit Buffer is empty; set to 


UE O= 


(Underrun Error status) 


this condition after the transmit 


buffer contents are transferred to 
the output shift register. 


No underrun error; cleared 
following a read of the transmit 
buffer. 


1 =Underrun error; set only in the 


END O= 


(End of Transmission status) 


synchronous mode when the last 
word has been shifted out and 
transmit buffer has not been 
reloaded. 


No end of transmission; cleared 
by enabling the transmitter. 


1=End of transmission detected; set 


when the transmitter is disabled 
and the last character has been 
shifted out. 


PORT 18—Serial I/O Mode and Sync Register; read/write 


$FC24 


A 
i 
S 


15 
































W W S P P Ti 
L L T A A C 
1 0 R R O 
1 0 
14 13 12 4 10 9 8 


Bit Descriptions: 
A/S 
(Asynchronous/Synchronous mode 
control) 


WL1, WLO 
(Word Length control) 


ST 
(Stop Bit control) 


3-283 


NJ 
o>) 
on 
i 
ee) 
NO 
a 
Oo 


0= Selects synchronous operation for 
the serial port; transmit and 
receive clocks are divided by 1. 

1 =Selects asynchronous operation 
for serial port; transmit and 
receive clocks are divided by 16. 


These two bits select the length of 
the data word as follows. 


WL1 WLO Word Length 
0 0 8 bits 
0 1 7 bits 
1 0 6 bits 
1 1 5 bits 


This bit is only used in the 
asynchronous mode. It selects the 
number of stop bits transmitted. 


ST Number of Stop Bits 


0 1 
1 2 


PAR1, PARO 
(Parity control) 


TCO 
(Timer C Output mode 
control) 


WS 
(Wake-up Sense control) 


SYNC7-SYNCO 
(Sync character bits) 
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These two bits provide parity control 
for both the synchronous and asyn- 
chronous modes. 


PAR1 PARO Parity 


0 0 no parity 

0 1 fixed “O” parity 
1 0 odd parity 

1 1 even parity 


Note that even parity is defined such 
that the sum of the data and parity 
bits is even. 


O= Disables Timer C output mode. 

1= Enables Timer C output mode; 
disables Timer C’s use as a baud 
rate generator when LM = 0; 
Causes transmit and receive 
clocks to be internally connected 
to RCLK so that TCLK may be 
used either as general purpose 
/O or as an output for Timer C. 


The following table lists the effects 
of the WS bit. 


WS Wake-up bit Meaning 


0 0 Address Word 
0 1 Data Word 
1 0 Data Word 
1 1 Address Word 


These eight bits are used to store 
the sync character or the device ad- 
dress for the wake-up mode. 


PARALLEL I/O AND HANDSHAKING 


Two 16-bit ports, PO and P1, may be used for parallel 
I/O. If individual bits are desired, each of the 32 bits may 
be separately defined as input or output. This is 
achieved by setting the corresponding bits in the Data 
Direction Registers, Port 16 (Data Direction Register for 
Port 0) and Port 17 (DDR for Port 1). Bits may be 
grouped to provide the exact data widths desired. 


Eight additional I/O bits are provided in Port 4. Bits 15, 
14, 9 and 8 are output only, and bits 13, 12, 11 and 10 
are input only. 


Port 0 has the additional capability of operating under 
the control of external handshaking signals. Eight-bit 
or sixteen-bit sections of PO may be individually con- 
trolled as input, output or bidirectional I/O. This is 
achieved by programming the handshake control bits 
as detailed below. 


PORT 14— Handshake Control Register; read/write 


$FCIC 








15 14 13 12 11 10 9 
Bit Descriptions: 


HSE 
(Handshake enable control) 


HSM2, HSM1, HSMO 
(Handshake Mode control) 


TIMER CONTROL 





0 =Handshaking is disabled. 
1 =Handshaking is enabled. 


The handshake mode bits operate as 
follows: 


HSM2 HSM1 HSMO HIGH HANDSHAKE LOW HANDSHAKE 


Two pairs of Ready and Strobe signals, which are avail- 
able as programmable options on Port 4, provide the 
necessary control for handshaking. 


P4-9/RDYH, P4-8/RDYL 

(Ready High Byte, Ready Low Byte) 

Output, active high. RDYH and RHYL are used for in- 
put, output, and bidirectional handshaking on Port 0. 


1) Output mode: The ready signal goes active to indi- 
cate that the Port O output register has been load- 
ed, and the peripheral data is stable and ready for 
transfer to the peripheral device. 


2) Input mode: The ready signal is active when the Port 
0 input register is empty and is ready to accept data 
from the peripheral device. 


3) Bidirectional mode: The RDYH signal is active when 
data is available in Port 0 output register for trans- 
fer to the peripheral device. In this mode, data is not 


0 0 0 Inactive PLO or PO output 

0 0 1 PHO output PLO output 

0 1 0 Inactive PLO input 

0 1 1 PHO input PLO input 

1 0 0 PHO input PLO output 

1 0 1 Inactive PO input (word only) 

1 1 0 PLO output PLO input (bidirectional) 
1 1 1 PO output PO input (bidirectional) 


placed on the Port 0 data bus unless STRH is ac- 
tive. The RDYL signal is active when the Port 0 in- 
put register is empty and is ready to accept data from 
the peripheral device. 


P4-11/STRH, P4-10/STRL 

(Strobe High Byte, Strobe Low Byte) 

Input, active high. STRH and STRL are both used for 
input, output, and bidirectional handshaking on Port 0. 


1) Output Mode; The positive edge of this strobe is is- 
sued by the peripheral to acknowledge the receipt 
of data made available by the MK68HC200. 


2) Input mode: The strobe is issued by the peripheral 
to load data from the peripheral into the Port 0 input 
register. Data is latched into the MK68HC200 on the 
negative edge of this signal. 


3) Bidirectional mode: When the STRH signal is active, 
_ data from the Port 0 output register is gated onto the 
Port 0 bidirectional data bus. 
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The negative edge of STRH acknowledges the receipt 
of the output data. The negative edge of the signal ap- 
plied to the STRL signal is used to latch input data into 
Port 0. 


EXPANDED BUS OPERATION 


When it is necessary to expand beyond the on-chip 
complement of RAM, ROM, or I/O, or when operation 
in a parallel multiprocessing system is desired, the 
MK68HC200 may be placed in an external bus mode. 
The MODE pin is used to select the expansion capa- 
bility on power-up and reset to one of the following 
states: 


PORT 
4 


TAO 
TBO 
TAI 
TBI 
RIG 


9 
MULTIPLEXED 8 MK68HC201 
ADDRESS/ MK68HC211 
DATA 7 
BUS 
6 
5 
4 
3 
2 
1 
0 
fo) 
o9O\j5 5s dle & 
Oozjw 2“ “lea 
P Ola Gols S 
ee 3 








MODE PIN 
Voc - No expansion (single chip mode) 
GND - Partial Expansion 


CLKOUT - Full Expansion 


By programming the appropriate bits in Port 15 (which 
are described below), the MK68HC200 may be recon- 
figured dynamically. In an expansion mode Port 0 be- 
comes the 16-bit multiplexed address/data bus and 
eight bits from Port 1 become control signals which han- 
dle data transfer and bus arbitration. Sixteen lines are 
still available for I/O functions, including eight lines from 
Port 1 and all eights lines of Port 4. See figure 9 for the 
expanded bus pinout. The following page describes the 
functions of the expanded bus pins. 











UPC GP 
of 15 cos ra:} 
of 14 UDS HB 
o] 13 R/W RW 
of 12 BGACK Ds CONTROL 
i444 DTACK DTACK eve 
o | 10 AS AS | 
BG BUSIN 
6 BR BUSOUT PORT 
1/0 
X12 
EXTERNAL 
INTERRUPTS 


RCLK 
TCLK 
so 


SERIAL 


or NW 2 TAN DO O 
<< 
= 


ee 


Figure 9. MK68HC201, MK68HC211 Logical Pinout Expanded Bus 
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MNEMONIC | PIN FUNCTIONS FOR EXPANDED BUS OPERATION (Common for GP and UPC options) 





Read/Write (output, active high and low) - R/W determines whether a read or a write is being 
performed during the current bus cycle. It is stable for the entire bus operation. A high signal 
denotes a read, and a low signal denotes a write. 


Data Transfer Acknowledge (input, active low) - When the addressed device has either placed 
the requested read data on the bus or taken the write data from the bus, DTACK should be 
brought low to signify completion. The data portion of the bus cycle will be extended indefinitely 
until this signal is asserted. For systems using the GP bus, in which no devices need wait states, 
DTACK may be strapped low. 


Address Strobe (output, active low) - AS is used to signify that the address is stable on the 
multiplexed bus. AS is high at the beginning of each bus cycle, goes low after the address has 
stabilized, and returns to the high state near the end of the bus cycle. 





MNEMONIC PIN FUNCTIONS FOR UPC BUS OPERATION 










Upper Data Strobe (output, active low) - UDS is used to signify the data portion of the bus cycle 
for the upper byte of the data bus. For read operations, UDS should be used by the external device 
to gate its most significant byte onto the multiplexed address/data bus. For writes, UDS signifies 
that the upper byte of the bus contains valid data to be written from the processor. 










LDS Lower Data Strobe (output, active low) - LDS is used to signify the data portion of the bus cycle 
for the lower byte of the data bus. For read operations, LDS should be used by the external device 
to gate its least significant byte onto the multiplexed address/data bus. For writes, LDS signifies 
that the lower byte of the bus contains valid data to be written from the processor. 







Bus Request (output, active low, open drain) - BR goes low when the MK68HC200 requires 
external bus master status. 


Bus Grant (input, active low) - BG notifies that the MK68HC200 has been granted the external 
bus master status. 


Bus Grant Acknowledge (output, active low, open drain) - The MK68HC200 will assert BGACK 
when it assumes mastership of the system bus. 


MNEMONIC PIN FUNCTIONS FOR GP BUS OPERATION 


P4-11/R/G Request/Grant (input) - During reset, P4-11 served as the R/G input (0 = bus grantor, 1 = bus 
requestor). Following reset, and at all times during program execution, P4-11 may be used as 
a general purpose input pin. 










Data Strobe (output, active low) - DS is used to signify the data portion of the bus cycle. For 
read operations, DS should be used by the external device to gate its contents onto the multi- 
plexed address/data bus. For writes, DS signifies that valid data from the processor is on the bus. 


High Byte (output, active low) - HB signifies that the upper byte of the data is to be read or 
written. HB remains active for the entire bus cycle. 


Low Byte (output, active low) - LB signifies that the lower byte of the data bus is to be read 
or written. LB remains active for the entire bus cycle. 


Bus Input (input, active low) - BUSIN provides either bus request or bus grant. When the 
MK68HC200 is the bus grant device, its BUSIN signal is a bus request input from a requesting 
device on the bus. When the MK68HC200 is a bus request device, its BUSIN signal is a bus 
grant from the granting device on the bus. 


BUSOUT Bus Output (output, active low) - BUSOUT provides the opposite function 9f BUSIN. When 
BUSIN is a bus request signal, BUSOUT is a corresponding bus grant, and vice versa. 
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PORT 15— Expanded bus control and status register 
High byte: read/write 
Low byte: read only 


$FCIE 





15 14 13 12 11 10 


Bit Descriptions: 


SEG1, SEGO 
(Segment bits) 


BLCK 

(Bus Lock control) 

F/S 

(Fast/Standard timing control) 


EXP 

(Expanded Mode control) 
F/P 

(Full/Partial control) 
UPC/GP_ 

(UPC/GP status) 

RIG 

(Request/Grant status) 


As shown in figure 9, two different control bus versions 
are available: a Universal Peripheral Controller (UPC), 
and which generates 68000 compatible bus signals, 
and a General Purpose (GP) bus, which can be used 
to interface to a wide variety of existing microproces- 
sor buses. With the selection of an expanded bus mode, 
the MK68HC200 can act either as a general purpose 
CPU chip (bus grant device) or as an intelligent 
peripheral 1/O controller to a host CPU (bus request 
device). These two system configurations are illustrat- 
ed in figures 10 and 11. | 


With the GP bus option, the user may configure the 
MK68HC200 in either of the two ways shown in figures 
10 and 11. As a host CPU (Figure 10), the MK68HC200 
bus arbitration logic causes the device to act as the sys- 
tem bus grantor. In other words, the MK68HC200 would 
have control of the system bus and would grant its use 


(reserved) 


N | UQ|~OVC 


Used in the expanded bus mode when a 
reference is made to the DMA window. The 
contents of SEG1 and SEGO are then out- 
put on pins AD15 and AD14, respectively. 


0=Disables the bus lock function. 
1=Enables the bus lock function. 


0=Selects standard timing of read/write 
cycles on the external bus (4 clock 
periods). 

1= Selects fast timing of read/write cycles on 
the external bus (3 clock periods.) 


0=Expanded mode is disabled. 
1 =Expanded mode is enabled. 


0=Partial expand when EXP bit is set to 1. 
1 =Full expand when EXP bit is set to 1. 


0=Part is programmed in GP mode. 
1=Part is programmed in UPC mode. 


0=Part is programmed bus grantor. 
1 =Part is programmed bus requestor. 


to DMA devices or peripheral CPUs. Alternately the 
MK68HC200 may be configured as a peripheral CPU 
(Figure 11) that must issue a request to the bus grant 
device before being allowed to use the system bus. The 
selection of one of these two configurations is accom- 
plished by the P4-11 pin at reset time. During reset, 
P4-11 serves as the R/G input (0 = bus grantor, 1 = 
bus requestor). Following reset and at all times during 
program execution, P4-11 may be used as a general 
purpose input pin. 


With the GP bus operating in the host CPU configura- 
tion, the MK68HC200 may be used to interface with ex- 
ternal memory and I/O devices in a manner that is 
analagous to any general purpose microprocessor. Ad- 
ditionally, the MK68HC200 retains its on chip RAM and 
I/O resources, with on-chip ROM as an option, 


3-288 


68HC200 SYSTEM BUS 


BUS GRANT 
CPU 
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vO 
TIMERS 
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Figure 10. Host CPU Hardware Configuration 
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Figure 11. Peripheral 1/O Controller Configuration 
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depending on the expansion configuration selected. 
BUSIN and BUSOUT are used to perform the bus 
arbitration handshake function, where BUSIN acts as 
the bus request input and BUSOUT as the bus grant 
output. 





In the full expansion configuration, any on-chip ROM 
is disabled, and program memory starting at location 
$0000 is located off-chip and is addressed via the 
expanded bus, as shown in Figure 13. In effect, the 
internal bus from locations $0000-$FAFF is mapped 
onto the external bus. In the partially expanded config- 
uration (Figure 12), on-chip ROM may be accessed on 
the internal bus. To gain greater addressability in the 
partial expansion configuration, a scheme is 
implemented to allow access of a full 64K-byte address 
space in four segments on the expanded system bus 
through the 16K byte “window” on the internal bus. 
Basically, the most significant two bits of address on 
the expanded bus are replaced with two user-defined 
segment bits available to the programmer in the ex- 
panded bus contro! and status register, Port 15. 


As a peripheral I/O controller, the MK68HC200 operates 
as a bus requestor that gains mastership of the system 
bus from the bus grant CPU. The GP bus version may 
be selected to implement this system configuration in 
cases where an interface to a general purpose CPU is 
desired. In this case, the BUSIN and BUSOUT lines are 





again used to perform the bus arbitration handshake. 


function, where BUSOUT now acts as bus request out- 
put, and BUSIN acts as bus grant input. In this con- 
figuration, the MK68HC200 can conceivably act as a com- 
plete peripheral I/O control subsystem on a single chip, 
with 16 lines of I/O and its on-chip ROM, RAM, timers, 
and serial I/O performing the necessary interface to 
the I/O device. The UPC bus version provides the 
peripheral I/O control function with a direct interface to 
a 68000 bus grant CPU. Note that the UPC bus version 
can operate only as a bus request device. Once the 
MK68HC200 has gained mastership of the system bus 
via the 68000 bus arbitration handshake lines (BR, BG, 
and BGACKk), it may proceed to perform DMA transfers 
and communicate with system memory or other I/O 
devices in the system. 








As in the case of the GP bus grant configuration, the 
portion of the internal (or private) bus address space 
that is mapped onto the expanded bus when the part 
is operating as either a GP or a UPC bus request device 
is determined by the expansion configuration selected. 
In the partial expansion bus requestor case, the result- 
ing memory map is identical to that shown for the GP 
bus grant configuration in Figure 12. During the time 
the MK68HC200 is executing its programs from ROM 
and accessing internal RAM and I/O resources, the ex- 
panded bus is held in a tri-state condition. The bus 
arbitration logic within the MK68HC200 monitors each 
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memory reference to detect external bus addresses 
(referenced in segments via the 16K byte DMA window). 
Whenever such an external reference occurs, the logic 
automatically holds the processor in a wait state as it 
proceeds to obtain mastership of the bus. When use 
of the system bus is obtained, the processor is allowed 
to continue the reference. This procedure is transpar- 
ent to the programmer. In case of successive external 
references, the expanded bus is retained until an inter- 
nal reference is encountered. 


Finally, if the on-chip resources are insufficient to per- 
form the control task in the bus requestor configuration, 
the internal bus address range (excluding on-chip RAM, 
I/O) may be mapped onto an external local bus, which 
is physically the same as the system bus but logically 
separated with bus buffers. This is the full expansion 
bus requestor configuration. The memory map for this 
configuration is shown in Figure 14. The bus arbitra- 
tion sequence is performed only when the system bus 
is referenced through the DMA window. In this manner, 
the I/O subsystem is isolated from the host CPU. 


When operating as a bus request device, it is possible 
to retain the external bus for an indefinite duration by 
using a bus lock feature. This will help facilitate the 
transfer of large blocks of data. Thus, the on-chip bus 
arbitration logic allows (with a minimum of hardware and 
software overhead) a maximum of concurrent process- 
ing in parallel, multiprocessing configurations. The bus 
lock feature may be used by the MK68HC200 in a bus 
grantor mode to keep any peripheral from gaining 
mastership of the bus. 


In any of the GP expanded bus modes, the MK68HC200 
may respond to peripheral devices on the expanded 
bus which generate an interrupt request on XI0. The 
MK68HC200 will obtain the XIO interrupt vector num- 
ber from the requesting peripheral on the bus during 
an interrupt acknowledge cycle. When responding to 
an interrupt on XI0, the MK68HC200 will wait for the 
bus arbitration logic to gain control of the bus and then 
asserts neither HB nor LB while asserting AS to signify 
that an interrupt acknowledge cycle is in progress. The 
X10 interrupt will be the !owest priority interrupt when 
Operating in any of the GP expanded bus modes. 


There is a user-programmable speed selection as- 
sociated with the read and write cycles for both the UPC 
and GP mask option parts. A bit in the expanded bus 
control and status register, Port 15, allows the user to 
select either the standard or the fast read/write cycle 
on the expanded bus. The standard bus cycle is four 
clock periods, while the fast bus cycle is three clock 
periods. 
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Figure 12. Partial Expansion Memory Map 
(256 byte RAM, 4K byte ROM version shown) 
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INTERNAL EXTERNAL SYSTEM 
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Figure 13. Full Expansion Bus Grantor Memory Map 
(256 byte RAM version shown) © 
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INTERNAL EXTERNAL LOCAL EXTERNAL SYSTEM 


$FFFF $FFFF 


Figure 14. Full Expansion Bus Requestor Memory Map 
(256 byte RAM version shown) 


$FFFF 






$C000 






$8000 pod $8000 


EXPANDED 






VECTORS 





$0000 $0000 $0000 


3-293 


EMULATOR VERSION 


The emulator versions of the MK68HC200 are availa- 
ble in 84-pin, leadiess or leaded chip carrier packages. 
Figure 15 illustrates the logical pinout of the emulator 
version. The emulator versions have no on-chip ROM, 
but instead include a second complete bus, referred to 


PORT 4 
; 19 
= <= 
| 
C82gH ER FZ 
i tee ae eee 


15 
14 
13 
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DATA BUS MK68HC221 


EMULATOR 


VERSION 


oOorFA NW Ee DAN DW O 


FCI 
FC2 
UPC/GP 
FPRIV 
DMODE 
EXPMC 




















as the private bus. The private bus includes a mul- 
tiplexed address/data bus as well as bus control signals. 
There are 22 pins associated with the private bus. All 
40 1/O port pins that exist on the 52-pin versions are 
available to the user for configuration either as gener- 
al purpose or special !/O pins, or as expanded bus pins. 
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Figure 15. Logical Pinout for MK68HC221 
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PRIVATE BUS OPERATION 


The address/data lines and control signals that consti- 
tute the private bus are functionally equivalent to the 
internal signals used to access internal resources on 
the ROM versions of the MK68HC200. Thus, the pri- 
vate bus may be used to interface to EPROM memory 
in emulating mask ROM versions of the MK68HC200. 
Alternately, any combination of ROM, RAM, and |/O 
may reside on the private bus. 


The address that is generated on the private bus is iden- 
tical to that which is internally generated for 48-pin ver- 
sions. When the part is used in a configuration that 
supports system bus addressing through the DMA win- 
dow, any references in this region of the memory map 
produce an address on the private bus identical to that 
specified by the programmer. In other words, the seg- 
ment bits have no effect on the private bus address. The 
DMODE pin will go active during a reference to the 
DMA window. Write data appears on the private bus 
pins for all write operations, regardless of whether the 
reference is on-chip or off-chip. The MK68HC221 emu- 


lator version reads data from the private bus unless data 
is read from on-chip RAM, I/O, or the external bus 
formed by the Port 0 and Port 1 I/O pins. 


The I/O port range of the memory map ($FCO0-$FFFF) 
is actually subdivided into space which is exclusively 
reserved for on-chip I/O ($FCOO-$FDFF) and space 
which is exclusively reserved for in-circuit-emulator use 
(S$FEOO-$FFFF). The user should ensure that no exter- 
nal devices reside in the in-circuit-emulator area. 


The private bus interface is the same as that for the GP 
expanded bus. All read/write transfers made exclusively 
on th» private bus are three clock periods, regardless 
of the state of the Fast/Standard (F/S) bus timing 
selection bit. In systems using the expanded bus, the 
user should be sure to tie the FPRIV pin low so that 
expanded bus operation is not effected. The user 
should ignore all activity on the private bus while ac- 
cesses are in progress on the expanded bus. Care 
should also be taken that no external devices reside on 
the private bus in the memory space intended for ex- 
panded bus accesses. 





There are six additional control pins available on the emulator version that are not on the ROM version. Five of these pins are meant to be used by the development 
system. FC1, FC2, DMODE, and EXPMC are used to define the memory cycle currently being executed. FPRIV will affect the memory cycle currently being execut- 
ed. These signals are made available to simplify the design of the development system. Using these signals, the development system only has to interface to 
the private bus and not also to the expanded bus. The user might also be able to use these signals to simplify his design, however care should be taken when 
using FPRIV since this input will affect expanded bus memory cycles. 























MNEMONIC ADDITIONAL PIN FUNCTIONS FOR THE EMULATOR 

UPC/GP UPC/GP (input, active high and low). This pin is used to select either the UPC or GP con- 
trol bus configuration for the expanded bus. (1 = UPC bus, 0 = GP bus). It is sampled only 
when reset is active 

FC1, FC2 Function Code 1, Function Code 2 (outputs, active high and low). These pins (FC1 and FC2) 
define the memory cycle currently being executed. They are valid during the time private bus 
address strobe (PBAS) is active. The cycle types are interrupt, data, branch, and program 
fetch. The branch cycle is defined as the first program fetch after a branch occurs. A branch 
Can occur as a result of a jump or call instruction, or an interrupt. For internal interrupts, the 
interrupt cycles are defined as the two writes to the stack and the read of the vector location 
which occur during the interrupt acknowledge routine. For external interrupts, the interrupt cy- 
cles are defined as the 3 cycles above plus the read of the vector number. The interrupt cycle 
is a special case of the data cycle. The function code pins are defined below. 

TYPE OF CYCLE FCi FC2 
Interrupt 0 0 
Data 0 1 
Branch 1 0 
Program Fetch 1 1 

DMODE DMA Mode (output, active low). This pin goes low when the segment bits are being output 
on AD14 and AD15 on the expanded bus. (The address output on the private bus will not con- 
tain the segment bits.) DMODE is stable for the entire bus operation. 

EXPMC Expanded Memory Cycle (output, active low). This pin goes low when the expanded bus is 
being accessed. EXPMC is stable for the entire bus operation. 

FPRIV Force Private (input, active high). This pin is used to force the MK68HC200 to read data from 
the private bus when the address is actually located on the expanded bus. In normal operation 
this pin should be tied low and the expanded bus operation will be unaffected. 

7 ae | 
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CRYSTAL SELECTION 
the suggestions shown in Figure 16 should be consi- 


The wide frequency range of crystals that can be chos- dered by the user. The MK68HC200 offers an output 
en for the MK68HC200 offers the user a large degree pin that will provide a system clock signal at one-half 
of flexibility. To aid in the selection of a suitable crystal, of the crystal frequency. 






AMPLIFIER 
INPUT 


AMPLIFIER 
OUTPUT 


If it is desirable to ‘‘tune”’ the 
oscillator to a precise frequency, 
C, may be a variable capacitor. 


C, should be in the range of 
C, <= C, <= 2C). C, = 10 pF typical 

: C. = 20 pF typical 
For a high frequency operation 


C, ~ 5-10 pF = 


Figure 16. Crystal Connection 


& P1-2/RCLK 
P1-1/TCLK 
P1-0/SO 
NMI 
RESET 
P4-12/TBI 
P4-13/TAI 
GND 
P4-14/TBO 
P4-15/TAO 


P0-0 
[}  Po-4 
2 po-2 







P1-3/S1 47 { ] { }33 PO-3 
P1-4/XI0 PO-4 
P1-5/Xi1 PO-5 
P1-6/XI2 PO-6 
P17 Po-7 
aiiaas MK68HC201 oa: 
Vee 1 MK68HC211 GND 
P1-8 Vee 
P1-9 P0-9 
Pee PO-10 
neon Po-11 
P1-12 pode 
a 21 P0-13 





Po-14 [| 


LJ 
a 
Zz 
So. 


P1146 @[] 
P1-15 
P4-8/RDYL 

P4-9/RDYH [7 
P4-10/STRL 
P4-11/STRH 
MODE 
CLK2 
CLKI 
CLKOUT 
PO-15 


Figure 17a. MK68HC201, MK68HC211 Pin Assignment, ROM Version 
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Figure 17b. MK68HC221 Pin Assignment, Emulator Version 


PB-8 
PB-9 
PB-10 
PB-11 
PB-12 
PB-13 
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P4-13/TAI 
P4-12/TBI 
VCC 
GROUND 
P4-15/TAO 
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‘ASSEMBLER DIRECTIVES 




















[label:] 
[label:] 


DS[.size]*1 expr 





DUP[.size]*’ length, value 
END [start address] 

















DUP Duplicate constant block 
END 


Program end 





EQU Equate symbol value label: EQU expr 
FAIL Programmer generated error FAIL expr 








FORMAT Format the source listing FORMAT 
Generate module ID module__name: IDNT version, revision 







IDNT 
Specify line length 
NOFORMAT NOFORMAT 


Enable the assembly listing 






length 





















OPT Assembler output options 
reg__list__name: REG|[.size] register list 
Define relocatable program section| [section__name:] SECTION = number 


XREF External symbol reference XREF [sect no:] symbol - 
{,[sect no]: symbol} 





















NOTES: 
1. .size = .Bor W (byte or word size) MC Print macro calls (default) 
2. Options for the OPT directive include: NOMC Do not print macro calls 
CEX Print DC expansions MD Print macro definitions (default) 
NOCEX Do not print DC expansions (default) NOMD Do not print macro definitions 
CL Print conditional assembly directives (default) MEX ' Print macro expansions 
NOCL Do not print conditional assembly directives NOMEX Do not print macro expansions (default) 
CRE Print cross-reference table O Create object module (default) 
IMM.L Forces immediate operands for arithmetic instruc- NOO Do not create object module 
tions ADD, SUB, DADD, and DSUB to use the long STR Print code generated by structured statements 
instruction form NOSTR Do not print code generated by structured 
IMM.S _ Allows the assembler to select automatically the statements (default) 


short form of the arithmetic instructions for small 
immediate values (0-15) (default) 
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GENERAL SYMBOL DEFINITIONS 












































= 
SYMBOL GENERAL SYMBOL DEFINITIONS 
Rn General Purpose Registers - DO-D7, AO-A5, SP, SR, 
DHO-DH7, DLO-DL7. 
RPn Register Pairs - DO-D1, D2-D3, D4-D5, D6-D7, 
AO-A1, A2-A3, A4-A5. 
An Address Registers - AQ-A5, SP. 
Fen Ports - PO-P15, PHO-PH3, PLO-PL3. 
CC Condition Code - See Table. 
| d16 16-Bit Address Displacement Field In Words. 
i d13 13-Bit Address Displacement Field In Bytes. 
dg 9-Bit Address Displacement Field In Bytes. | 
d8 8-Bit Address Displacement Field In Bytes. 
L de pose Sa 
#NX Immediate Data Field - x Number of Bits. 















Size Bit - 17 = Word, ’0’ = Byte. 


4-Bit Register Field - See Table. 


PORTn 4-Bit Port Fieid - See Table. 


3-Bit Address Register Field - See Table. 


3-Bit Port Field - See Table. 











n 3-Bit Register Pair Field - See Table. | 
Register Mask Field - See Table. 
Condition Code Field - See Table. 
3 3-Bit Class Field - See Table. 


c2 2-Bit Class Field - See Table 
c 1-Bit Class Field—See Table 
Address Field - 16 Bits. 





Immediate Data Field. 





3-Bit Shift Field-2 <n < 7. 
4-Bit Bit Select Field. 


Displacement Field. 





Word Attribute. 
Long Attribute. 


Short Attribute. 
Optional Field. 
NOTE 


1. When using the byte format of an instruction with a 16-bit immediate data field, both the high and low byte 
of the data field must contain the same 8-bit data. 
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Let | 

ae 
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b# 
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.B Byte Attribute. 
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FIELD DEFINITIONS 










[ REGn| 4- Bit Register Map 
Bit Bit 
Ta ae — Field 


oo 








Field 
BH 
















3-Bit Reg Pair Map 


Register Field 
poor [ooo 






Bit 
Register Field 


























HS? Higher or Same a 
ie CC 1 O10 Carry Clear C 
SS 
VC us © a Overflow Clear V 
LT? 1100 Less than N .EOR. V 
she Sa ene Salle A : jo 
LE? 1 10 1{ Less than or Equal Z OR. (N .EOR. V) 
LS? dete 420 Lower or Same C OR. Z 
| 
| T Litt a oe True Always True 
NOTES: 


1. The assembler does not recognize the T and F condition codes. 




















a 
GE {0100 





100 1 











Greater than or Equal N .EOR. V 
































| GT? Ot On Greater than Z .AND. (N -EOR. V) 
H2 |0110|. Higher G LAND. 2 
FT efi ie | False Always False | 
NE Not Equal 7 
Not Zero Z 


Zz 


NZ 1000 
IRBs ve Ne oa, | WC 2 <a ee 
Plus | 
eee Urea ee oe 


| 








2. LT, LE, GT, and GE are used for unsigned conditions; LO, LS, HI, and 
HS are for unsigned conditions. 
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i. | 
M—REGISTER MASK MAP FOR MOVEM, PUSHM, AND POPM 
Bit 15 14 13 12 11 10 9 pa | 7 6 5 4 3 2 1 0 
Inc | 
Word SR SP A5 A4 A3 A2 Al AO D7 D6 D5 D4 D3 D2 D1 DO 
i ae 4——+—__+ _}— 
Dec 
Word DO D1 D2 D3 D4 D5 D6 D7 AO Al A2 A3 A4 A5 SP SR 
Heid ests Weslo seme ec tecen e 
Inc 
Byte | DH7 | DL7 | DH6 pee | DH5 | DL5 H4 | DL4 | DH3 DH1 | DL1 | DHO | DLO 
a 
Byte DLO | DHO | DL1 DH1 | DL2 | DH2 DLS DH3 DL6 | DH6 | DL7 | DH7 
———— 
COND) CONDITION CODE TABLE 
fen 
Condition Bit 
Code Field Description Test 
Lg COO _ p al 
Zz Zero 
EQ 0000 Equal Z 
MI 000 1 Minus N 
a aca eee 
LO? Lower 
CS_ 0 010 Carry Set C 
VS | 6 0011 Overflow Set V 
+ Ft REN I CONE OE 







INSTRUCTION CLASS FIELDS 


- 3-Bit Field - 2-Bit Field - 1-Bit Field 


Field Instr Instr Field Instr Instr | Field Instr Instr Instr 




























NOTES: 


1. The bit fields do not apply to bit instructions using a port operand. 
2. These fields also apply to BCD instructions. 


INSTRUCTION FORMAT 





PREFIX WORD 
(used only in some forms of the decimal and bit instructions) 


OPERATION WORD 


(contains the opcode and possibly the operands) 





EXTENSION WORD 
(optional - specified by the operation word to be 
immediate operand, mask field, displacement or absolute address) 
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eo ena co te agit 
Po T ca “ oe 
| | OPERAND i Xe oi 
| | ASSEMBLER OPERATION ;W Toy! STATUS 
INSTRUCTION | aTTR | SYNTAX WwoRD ee es any aor EEAGS 
MNEMONIC | SIZE; Source =Sre pig t 
Destination =Dst speek ; at 
i : feo ' $ 
; Src , Dst ; oO 
'h 
| Ry.Rx 2 3: ADD: a | 
ADDC © [W) 4 : ' Sre + Dst — Dst 
SUB peeve i : ' 
SUBC  B (Ay).Rx 2 1° — + 6 . ADDC: 
[Ww]! ' : Sre + Dst + C -- Dst 
a et = 4 + i 
| B | d16(Ay),Rx 2 2 ad: 9 ‘SUB. 
1 [W) i : : : Dst Src -- Dst 
—_ ‘1 eS ae BH SB 
| .B | Addr,Rx { 2 2'a 9 , SUBC. 
; (W) ;Dst - Src C -- Dst 
+ Pepe eeree ame Bed eteneo gine] : ' 
B #16. Rx | 2 2 416 Note: For addressing modes | 
LW] j | | #n,Rx and #n,(Ax) with the i 
Ps a 5. “Fides tees 4+. +. -.; ADD and SUB instructions, 
B Ry(Ax) 3 ae US g | the assembler uses the short » 
W] y. | Version for immediate values 
ae eee B Geese weltes : : il ile -4 £4 bits. 
B Ax) (A 3 1) — | 12 
LW) (Ax),(Ay) | ! 
; lt eo, el dtp Seats 7 eae 
B #n16,(Ax) 3 
[W] 
Ee one Pete Ne ee Seg fee ye, ap er ee ees eee Ih eee i) canis Cara } 
8 (Ax) + (Ay) + 3 
{W) 
 Saaetaiain tar-le?7 eo" eiieatiioeel Gemeente 4 
B #n16,(Ax) + 3 
{W] 
ae are Ge eee eet rer eee eee 
B ~ (Ax), ~ (Ay) 3 
IW] | 
be ef = =| 
B #n16, — (Ax) i 3 # 12 
[.W] 
Nie greene Oliaacks tata A) 2 ES ae) ee ee eres a ee 
: Ry,d16(Ax) 3 1 [Ax }is}[-c2 ] 0 [Rey a ee ee 
= tw te pene ae go ee bet Sess ee A os i H 
Ry, Addr [s}{c2] 0 | REGy | 










































E 
OPERAND x Cc 
ASSEMBLER OPERATION WwW T Y STATUS 
INSTRUCTION | aTTR | SYNTAX WORD aa soedan FLAGS 
MNEMONIC SIZE Source =Src D s L 
Destination=Dst S 1 E 
Src , Dst o| § 
N 











SUB [.W] Src + Dst — Dst 
if 


eta etre: Ne anines peg eae PS =o 4. a a ee 


B #n4,(Ax) B -{o[ Ax Js} i fej i # 
ay ease Ul z ! 


B | #n4.d16(Ax) B 1 [Ax ifs} 1 fet} 1 d | 12 | SUB: 
Dst ~ Src - Dst 


+ ee ao ———-f-- + - _ Sar fe ee 


#n4,Addr 








ADD Bj #n4.Rx B [ REGx jis} 1{eloll 4 cb [7 3 | ADD: + ews 




































[_REGx _}[s][ 2 | 


3 | AND: » * 0 0 
Src .AND. Dst — Dst 








































































































OR eee aia aR a ics pemeraes apeeac aoe REST ER >= a ieee 
Bo | Py.Rx 5 [ REGx (s}foo 0 6 
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PE Rede Ye HO! Gates Sata Pa ee aie 
B | (Ay),.Rx 6 REGx Gis 1 6 | EOR: 
{W] Src .EOR. Dst — Dst 
nS oa - = ee a es oe ae -- oe rs 
Bo | d16(Ay),Rx 6 REGx ji[s][_c2 ] 1 9 
Ww 
|= hs Y} +. asin coe, mmc sich meat 5 canes eee i 
Bo | Addr.Rx 6 REGx, Wsile ja 1 9 | OR: 
{W] Src OR Dst ~ Dst 
ee oe -- = sao+ pn —- - - pe eee ee ———- 
B | Ant6 Rx | 6 OL REGx |[s][c2 |] 1 6 
LW] Neen ested 
; 8 frye | 4 | Porm® jisj[e2]ol ReGy 
at re: (Rr (areas MEGAN (rae s cath 
| eer as oe wget ae tia Ss 
#nt6 Px 5 [ PORT _| + [2] 1 1| 12 
LW) 
& Tray) sf [A Sel [e2]o E- ReGy fai — lo) | 
: ! | 
ites (eee ie a Oca lea | fa 
jon next page [Ww] ek 
L ea enone aoc a 
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INSTRUCTION 
MNEMONIC 


ANO 
EOR 
OR 
(cont.) 


ASL 
ASR 
LSR 
ROL 
ROLC 
ROR 
RORC 
























ae 


+ 





[W] 
B {#1),Rx 
[W) 

Rie BGS Vari Sy tie Pe ata eal dso 
.B #n3,Rx 
[W] 
.B (Ax) 
[W} 

pr seerarne pres eceeae ee ae eft 
.B d16(Ax) 
([W] 

ne nen pe oe ee 
B Adar 
(W) 

eth + ee eR ae 


B Ry.d16(Ax) 


B Ry, Addr 


















































E 
OPERAND x 
ASSEMBLER OPERATION wit 
atTR | SYNTAX WORD . . 
SIZE Source =Src 0 Ss 
Destination =Dst seiteie Sig Ries, Savas aa taee AI Ta | 
Src , Dst isa|taja| mito] 9 @/7/6,5|4]2/211/0 e 
BB | #nt6(Ax) 7 o[ Ax |i[s|[c2 | 1 7 2| 4 
(W] a ee tay eee 
fu) ai Saw h a o satan octet eee Sewieaeh: “a aneateteh i 
B (Ax) + (Ay) + 7 
| [Ww] 
fseisinckn Seepage Ces Sic eb eh om ey hence GA: A alta amet, eed 
B #n16,(Ax) + 7 
(.W) 
.B (Ax), ~{Ay) 7 
[.W) 
Gets Rep pe eieas ma ee Lean, Scheels eee, Cae Gaye ah of Tin Rte tet te eta Sb ieee een os ofc et 
.B #16, ~ (Ax) 7 1 Ax s|| c2 | 1 F 2 # 
iw | AR be 








omra<oO 











OPERATION 


AND: 
Sre .AND. Dst -- Dst 


EOR: 


Src .EOR. Dst — Dst 


OR: 
Src OR. Ost - Dst 


Dst -- Dst 
SHIFT: 


(Ce {ASL | 10] 
[O}->{LsR} | C | 
j *Laset *1¢] 


ROTATE: sy vente 
(es aot) 





L-fo}+-[RoUC j=! 
Lina m6 
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L-efRore}--fé | 





' 










STATUS 
FLAGS 






NOTE: The 
ASR, LSR, 
ROR, and 
RORC 
instructions 
will clear the 
V status bit. 





STATUS 
FLAGS 


If Ost(b#) is 
in the low 
byte of the 
SR, then the 
other SR bits 
are 
unchanged. 








“NOTE: 
: ; cee Cee oe 2 oe 
=: 2 5 nc (es | 
OPERAND Xl 6 
ASSEMBLER OPERATION " u Y 
INSTRUCTION | aTTR | SYNTAX WoRD c 
MNEMONIG | SIZE | Source=Sre pee ail OPERATION 
Destination = Dst S " E 
Sre , Dst o | § 
N 
#n4,Rx BCHG: 
Dst(b4) - C 
a Rs Cc —j--—-4---+-—-| 1 — Dst(b#) ~ Dst(b#) 
= #n4,(Ax) 5 x | c 1 |= | 9 
iS cmes ae re er oe se cmremia ees Baten nsong a Seen Ee est oe even pe ee " ma) Gate +. | 
“| #n4,d16(Ax) 5 1[ Ax ]f 3 1] 4] be 2 | d | 12" | BCLR: 
| : Dstib#) + C 
Na a aaa ae (a a ca aad Pete a ae ee 0 ~ Dst(b#) 
aa 4n4,Addr 5 F c3 ft 1 be} 2 a 12° 
ms Ry, Rx — | 6 | BEXG: 
Dst(b#) - C 
= Ry, (Ax) — | 12" | BSET: 
Dst(b#) ~ C 
= Dst(b#) 
Se Se he Tine tes Se eae teh dnc! cas cae cee ere ee 4 ~ fresrepos poe 
| Ry.d16(Ax) 0 i REGy || F 7 3 | d | 18" | BTST 
Dst(b#) ~ C 
Boe ie sent 44 
5 0 
= Ry, Addr 0 [ REGy ; F 7 3 a | 15° | "NOTE: The BTST instruction 
executes in 3 less clock 
cycles. 








OPERAND 
ASSEMBLER OPERATION STATUS 
INSTRUCTION | ATTA | SYNTAX WORD 


PERATION 
MNEMONIC SIZE | Source=Src pinta 


Destination =Dst 


a ad mie? (ae 
Sre , Dat 164[13}12|n1 0/9] 0|7)6\5)4/3|2|1}0 


#n4,Px 











Ry, Px 


| | 1 [zo-azmarm 
© 
a 
* 
oO 
* 


| Ost(b4#) — C 
1 — Dst(b#) — Dst(b/) 
























































7 
0 
b# 9 
Dst(b#) ~ C 
0 — Dst(b#) 
7 12 
is} 
9 
Dst(b#) — C 
7 a 
0 
9 
Dst(b4) — C 
1 — Dst(b#) 
7 12 
9 aM OY aa UE sc Bal bls 
on next page 


OPERAND 
ASSEMBLER OPERATION 


INSTRUCTION SYNTAX 
MNEMONIC Source =Sre 
Destination=Dst 


Src , Dst 


STATUS 
OPERATION 





Z20-O2mM4xm 


Dst (b#) — C 





(Ax) PC + 2 — -(SP) 
(unconditional) (Ax) — PC 





Addr PC + 4 — -(SP) 
(unconditional) Addr — PC 








t 
CC, Addr : It COND is true, PC + 4 — | 
: —(SP); Addr — PC 


\ 





NOTE: The initiat PC value is 
the location of the CALLA 
instruction. 





d13 PC + 2— ~(SP) ey wena ae 
(unconditional) PC + 4 + 2-(d) — PC | 











d16 PC + 4 — ~(SP) 
(unconditional) PC +4+d-—-—PC | 








CC, d16 F:6 | If COND is true, PC + 4 — 
T12 | -(SP); PC + 44d — PC 








NOTE: The initial PC value is 
the location of the CALLR 
instruction. The 
displacement, d13, is in 
signed magnitude 
representation, and the 
displacement, 016, is in 
two's complement 
representation. 
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OPERAND ala 
ASSEMBLER OPERATION wi Ttly STATUS 
I 1 
INSTRUCTION | aTTR | SYNTAX WORD | o c | Sree | FLAGS 
MNEMONIC SIZE | Source=Sre H b/s L ‘ i 
| Destination =Dst 4 E | Fak 
sre, D et awe oral tak tell? vigdis aici 
rc , Dst 15,1419 1 11}10) 9 3 , | | 
EGx 0 — Dst j- -— = = 
| 
7a } 











en a 


B d16(Ax) i 1 












he eet ee ae eh atelier aed 


, Addr 


















































































































































































Ost — Src 
1);—;6 ! 
| 
i 1 ine 6 | 
| 
= az > -4 oa ie res a ate maee — - iain “uiscihesr eae tore aati Saas eae oor cuca! sate ce —-+ Mach Garena | 
|B | (Ay) +.Rx | RE ar [Ay | 
, [W] t | 
Pts Al wae Pe ea etl ie, ee tte Mie de le les ie 
: B | —(Ay),AK 
bw | 
be ne 2 we en ne . 
i .B | dt6(Ay),Rx 
i {WwW | 
Sara Pre oeannieie eee “| 
\ .B Addr,Rx | 
i (LW) | 
i »<B #n8,Rx i 
| | i | 
i Sie Sp ae a re, eet ee ae aot ae so Seep oe ae Pn oe et ee -+ Sete a eae pe ae | 
Continued | #n16,Rx 6 REGx F 7 2,4 | 6 | 
on next page : [.W] H iereidar Ae i : | 
4 es it | 
rT E 
| OPERAND i xX 
| ASSEMBLER OPERATION : W x STATUS 
SYNTAX WORD oO FLAGS 
INSTRUCTION ! ATTR | | 
MNEMONIC | SIZE | Source=Src ai OrenarTion 
i Destination =Dst 7 Ss | | Popo 
Src , Dst oO nizivie 
N knee ates Geared es eee 
} | #n8,Px | + o* * 
#n16.Px | | | oF 20 a | 
1 [wy ty gles i | 
:  .B | (Ax) (Ay) 7 fo [ Ax ]isi}1 1 1/of ay | 1} —) 9 | 
[.W] { i i : ! i : 
' Sr Fas t 2 a5 2 +: By t- : ee aie i mee Sot us + Peery? oF 2 t 3 4 
i .B | #nt6(Ax) fi ol Ax jis}t 11: 7 | o2tejaot 
1 tw) | | “he | | | 
oS ae E602 oO om obtllat Ghee bal + 4. 4 | 
; Bt (Ax) + (Ay) + ; 7 1[ Ax |isft t t:0{ ay fi 1] —) 9 | 
i LW) | 
ee +e —— fhe = t + { if i 
|B | 4nt6(Ax) + ee aE Ae ele omy 7 aN A ae 
1 EW) I | i ! | 
eee Oe Oe | 
| BE = (Ax). (Ay) | 07 dat Ax Hsp t aya tay et bye | 
1 o[W) naa i Be | 
sot Sos to 4 
| N16, = (AX) | 1 | 
i aye 1 i 
| Ry.Rx Ni | : : | 
| i [ | ; BCD. [Src + Dst - Dst] : 
ae eon See. ae a 
DSUBC |; Bj (Ay).Rx A i REGx jisl c2i1;0) Ay fo4 | — | 6 
- [Wy | | DADDC | 
: i ee pe ate 9 t ; t --! BCD [Src + Dst + C ~Dst] | 
B _d16(Ay).Rx 1 OA | REGx jisiica}1;1! Ay § 2 ear ee 
wy eae ee ge el 
Se : | Popp psu: : 
B , Addr,Rx | A i REGx is! c2 43 F ora cates’ il BCD [Dst - Src - Dst] 
[W] = | 
7 + : ‘ " ; By t t + ’ ‘ 
Continued B. #nt6.Rx A ; REGx fis! c2 | 1, 7 21 4 ' 6 1: DSUBC 
on next page (.W] 7 ws , i : : BCD {Dst Src C - Dst] 
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Gant = ees Sore : eae Ss es 
; | E | 
: OPERAND a 
| ASSEMBLER OPERATION w,T yi STATUS 
INSTRUCTION aTTR . SYNTAX woRD ° . boi shenauea FLAGS 
MNEMONIC SIZE | Source =Sre ie oe aoe 
| Destination = Dst ‘ oes 
La a 0 a a NCO Ss | } | Ss | ‘ M 1 | 
_. : Wee As es ase SN oh eel : ] 4 
Larencat 15:14 19/12 111109 8 7/6514. 3 ao Ve | INIZivic 
L- —— — : ee ee _—— 
DADD B | Ry,(Ax) | 9 F F F eel bee De ‘U * U # 
DADDC {W]) | ' 
DSUB ih os ae «ate : ; 
DSUBC 3 (0; Ax (ss'! c2;0}) REGy » ; 
(cont ) : a | NOTE: For addressing modes - 
: ' ‘ t y ‘ t it 4 #n,.Rx and #n,{(Ax) with the 
B (Ax).(Ay) 0 F F F - 2! = | 18 | DADD and DSUB 
{W] : instructions, the assembler 
' ; ‘a ee ‘ ; uses the short version for | 
i 3 10; Ax H's c2itio! ay | | | Immediate values =4 bits 
es ene ee ae 
; ' : : i ee Ce ee 
B. #N16 (Ax) SQ” iy aR ae Foo 3 | wy 18 | 
(Ww) | Be 
i a a ' ; ; | i 
i 3 ‘O01 Ax is)! c2,1 / | 
‘ | 7 : ; | | | i 
t { ee 
B  ! (Ax) + (Ay) 4 0 F F F P21 16: 1 
[w) | | a. ed 
| 3 vi. Ax i sees a Ay i : 
| | ' 
: ' ' 1 { leech oy hee 
B. #n16(Ax) + 0 RUF F F : 3 | # | 15 § 
(w) : 3 3 ee ae 
: ioe alias - 4 1 | | 
6 3 VE Ax desi c@i a, 7 fF | | 
| 2 “a4 
B | - (Ax), ~ (Ay) | ) F ; F F f2,— i164 
i (Wh; i 
+ | 5 Sh Cas SSNS at ¥e a } yo 2 hc a | Hl Hl 
: | ! : a bael ¥ age al 
| 3 it [Ax pla ay j | 
: | | ; 
i : a 4 fee ape iste ete pti peti 
, Bj Ani6. - (Ax) re Foo OF a [4 | 15 
/ (Ww)! | 
eam Se aa ee asae | mess lf ' 
Continued ; 3 11} Ax | c2!4 F | 
on next page: j | | aN a ee Oe | | | 
ie, re uti ! i oul ‘2: 
‘ae r Tel r 
| OPERAND Xl 
| ASSEMBLER OPERATION wi Tl y STATUS 
INSTRUCTION | ATTR | SYNTAX WORD 2 i c cere FLAGS 
MNEMONIC | SIZE | Source =Sre L 
eee pis 
| Destination=Dst | E : 
| Se as Est eon tote el the | | 
re DS 15)14)13/12119 10) 8(7)6|5|4iai2zitjo, 1 Nj; Zivic 
: tt i | i ' ] 
DADD B | Ry,d16(Ax) f 69 1 OF F F 3 1d | 1s | 'U * U * 
DADDC [wh | 
DSUB f i ASE ap arg tay Pama toe | ae ae gee + dave aaa | ; 
OSUBC ; 3 tf Ax ffs}Cee fol ReGy |p | 
(cont ) ' 
DSUB i tw)! BCD: [Src + Dst — Dst} 
; od 8 St yh fl : 
i 1 ig 
es ee ay er 5 ea et es dee 4 { a | 
> .B | #n4.(Ax) | 0 ! F F F 2 | — |; 12 | OSUB | 
i [Wh | | , BCD: [Dst - Src — Dst] 
: ecient ee ce ee | 
© B Of Ax Msla lela” # of | | 
| “ihe | | 
| * ' + - : { t 1 + 4 i 
: B : 4n4,d16(Ax) 0 F F F | 3; d | 15 : 
; 0M ! | | | ! | 
B mal | AK hs) 1 [ct| 1 4 | | ! | 
‘ ni i H ' i ' i ‘ 
“ AGhe ey ak i ' ‘ 
' Bo; #n4.Addr 0 iz F F seo a | 15 : 
1 ogwy i | | | i 
| 4 Sets ' | 
he 26s! «ig ae isptlei ary woop ob tT 4 
j ' HL? arn. tl Od 1 H | 
‘ { . | \ 


DI 





[eee 





























0 -- LIE; ! 
| Disable Interrupts 
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INSTRUCTION 
MNEMONIC 















DSUB 
DSUBC 








INSTRUCTION 
MNEMONIC 














OPERAND 
ASSEMBLER 
SYNTAX 


Source =Sre 
Destination =Dst 


Sre , Dst 


ATTR 
SIZE 


OPERATION 
WORD 





6|5)4|/3/2;1/0 


I 
15a 11/10/9;8 














ZO-NnNS2MAaAxKM 





aomra<O 








d16(Ay) 























see DADD 
(page 15) 








OPERAND 
ASSEMBLER 
SYNTAX 


Source=Src 
Destination=Dst 






ATTR 


see AND 
(page 9) 











OPERATION 

















Rx,Addr 














So peers 








7 
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nuvosE 


JMPA [Lt] | (Ax) 
(unconditional) 
[.L] | Addr 
(unconditional) 
{.L] CC,Addr F:6 
T9 
LINK Ax, #016 1 Ax — -(SP); SP — Ax; 
SP+d — SP 











Z2OoO~-H2mMAxKM 











“amrao<a 





OPERATION 


RPy(even), RPy(odd)/Rx — RPy(even) 
REM — RPy(odd) 
MSW -— even; LSW - odd 


Rx — 1 — Rx: If Rx # 0 

then PC +4 ~[2+(d)}] — PC 
NOTE: The initial PC value is 
the location of the DUNZ 
instruction. The 
displacement value, d, is a 
magnitude. 


DNEG: 
BCD: [0 - Dst — Dst) 


DNEGC: 


BCD: [0—Ost-C — Dst] 


OPERATION 


1— LIE 
Enable Interrupts 


Src ~ Dst 


SIGN EXTEND: 
SignBit(RLx) — RHx 


PC + 2 — PC; 
Fetch continuously 


PC + 2 — PC; 
Pause; CPU clocks off, 
VO still active 


Addr - PC 


If COND is true, Addr — PC 


STATUS 
FLAGS 









STATUS 
FLAGS 


































OPERAND 
ASSEMBLER OPERATION 
INSTRUCTION ATTR SYNTAX WORD 


MNEMONIC SIZE Source =: Src 
Destination = Dst 


Src , Dst 
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OPERATION 











FLAGS 
















STATUS 
FLAGS 


$$$ $$ 


‘ve 


JMPR {Ss} 9 8 F d 4 tm 17 | PO 4 4 + 26(d) -- PC 
(unconditional) : : 
: ‘ ', ie a ! fof 
(S] . CC.a9 8 COND d Fo4 = . F:4 | If COND is true. 
a ea ee eae 
' . . , t ‘ t ! 
L d16 5 F 9 : 7 | 2);¢a!9 |PC+4+a-PC 
(unconditional) | | 
. z . ‘ t FY {. 4 4 ad Y Gt Savvis: “fax whale 3, 
Ls CC,d16 5 ' COND } 9 7 2 | d | F:6 | If COND is true, PC + 4 + 
. T9 1d -- PC 
‘ : ' } Pa ae : 2. 
| | NOTE: The initial PC value is 
| | the location of the UMPR in- 
| Struction. The displacement, 
d16, is in two's complement 
| | ' representation, and the dis- 
H | placement, d9, is in signed 
: : ' | magnitude representation. 
‘ | 
LIBA | =! Ad 16(Rx),Az / 4 REGe Hsit! Az J 414; 2 | # | 6 | Axf-2) 4 d= Az 
LIWA " as eo 
i pe 2 ‘ , t : ; a Rye alien tage a afd! | at oat pares eA 9 A eens 
| = 5 HAI6(Ay.Rx), Az , 2 REG isi a | Az jf Ay J] 2 | # | 6 | Ay + (Rxf-2) +d ~ Az 
| i 
. ; i ; eT OT Nore [-2] used tor LIWA only REG 
; ' and Az must not refer to same regis: 
. ; ! ter when using 2nd addressing mode 
sn nn nn RENEE RRND RERREREEEER GREENE RRR EEE EERE Se 
LSR : 1 see ASL : | j 
' (page 10) 
MOVE B | Ry.Rx , 0 { REGx jis}0 0 0 REGy Src ~ Dst 
 (W) cee Ay . vs 
_ roe | a r 
; B | Py, Rx 0 i 
» AE | 
Lys & ot yee tea, Sere rie eaeees 
Continued '  .B! (Ay). Rx | 0 | 
on next paga | [W] | ea 
- errarrarysaniaiaad 
‘ale 
E 
| ' OPERAND X16 
| | ASSEMBLER OPERATION wit Y 
INSTRUCTION | ATTR | SYNTAX woRod Bie Poe betacaae 
MNEMONIC | SIZE Source = Src D S L 
H Destination =Dst E 
j H r Bae a eats 7 sli Wc hie Wis eC ae sg) | s 
orenlet 18/14/13 )12 11/10] 9 8 71618 4 a2 ilo : 
MOVE : B (Ay) + Rx 1 Ay Src — Dst 
(cont.) | [.W] 
is ree aaa eae Ser det pe tati en So Saetee 
| 
i B | — (Ay),Rx 1 
i [W) | 
B | d16(Ay), Rx 0 | 
| {W] 
eee meee i. ie 
| .B  ; AddrRx fe) 
1 EW) 
.B | #n8,Rx : E pee | 
| i | 
2th «nae re. st pe obhdeh Se? adeatvtetht, Gi. > nS) fem melas thee tread se 
| #n16,Rx 0 REGx |! 9 7 2 # 6 
; [W) | 
j .B | Ry.Px 0 PORTx 
(Wy) | | | 
5 a retail who 
; Bi (Ay) +.Px ' 9 if PORT jis} 1 1 o]of ay ji 1 | — | 9 
1 TW) | | 
} it - ' | at eee Ce eee oe 
B | #n8,Px : D j 1 { PRI |] of 1 |=} 6 
j 1: i fo, ofc ne ! Poco osepe cepeeredt 
| #n16.Px / 0 | PORTK e 7 v(t a 
[W) | | | | 
’ + F t t - ry 7 oe nan aeerae 
: Bt Ry.(Ax) f 4 o| Ax jis}o 0 0 1] — | 6 
(Ww), 
t + “| + oe. he oe hoon Seen 
| .B (Ax).(Ay) 1 (0 | Ax jis]O 0 1 tf );—19 
| (WwW)! | } * | 
4 1 j 4 - + 4 2 een meioereene: Ceara 
, Bo | #n16(Ax) ; lo[ Ax jils)o o 1 7 #19 
; IW | ‘ 
Continued \ (W) {. Bo Se + : : i : i e A eerie des act 
onnextpage . g | Rx(Ay)+ | 1 [REG |is}o 1 ojof Ay | 1 | ~ | 6 
el ee 
nt + . cares EE eee er ce re eo 
































































































































E 
OPERAND Kise 
ASSEMBLER OPERATION . x y STATUS 
INSTRUCTION | ATTR | SYNTAX W'G'R2 | c FLAGS 
MNEMONIC | SIZE | Source=Sre eel ak CrEnerON 
Destination =Dst 1s | E 
Ss 
Sre , Det isa 3}t}1 10198] 7/6 5/4 /3]2/1 [0 : N/Zivic 
i | 
MOVE B (Ax) + (Ay) + 1 1 [Ax _Jifs]}o 0 110 [ Ay |} 1] — Src — Dst --—-- 
(cont.) Ww 
__! } : ae foo eee 4 
‘B | #nt6,(Ax) + 1 1[ Ax |i[s] 0 0 1 7 2| #19 
[.W] | 
Re Rx, ~ (Ay) 1 [ REGx |[s]o 1 0 Ay 1 |— | 6 
+} | 
B | Px,—(Ay) 0 PORTx |i[s] 1 1 0 Ay ji 1 | — | 9 
(W] 
+— a 
Bo | —(Ax),-(Ay) 1 1{ Ax ]l[fsio o 1/1 [ Ay J] 1 | — 7] 9 
[Ww] [ 
B | #nt6,—(Ax) 1 1[{ Ax jIfs}0 0 1 F 2|#/9 
ics LM cos} 4 
B | Ry,d16(Ax) 1 1[{ Ax ][s]o0 0 off REGy |) 2 |} 4 | 9 
(W] 
be as to +- a i “T 
B Ry,Addr 1 F fs] 0 0 Ol[ REGy 2ia|ga9 
(.W] 
(Ay) + ,REGLIST 1 o [Ay (Ay)-+ — REGLIST 
4+ 4 
— (Ay), REGLIST 1[ Ay 2 —(Ay) — REGLIST 
+ f——— 
B REGLIST,(Ay) + 1 F Ay 2 | M |743n| REGLIST — (Ay) + 
[W] 
-— —-— + SSS] 
B REGLIST, — (Ay) 1 M 17+3n| REGLIST — — (Ay) 
NOTE: A minimum of 2 registers 
must be specified and may be 
specified in any order. 























OPERAND 
ASSEMBLER OPERATION 


INSTRUCTION SYNTAX 
MNEMONIC Source =Src 
Destination =Dst 


Src , Dst 


STATUS 
FLAGS 
OPERATION 





20-a2mM4xKMm 


Rx » RPy(even) — 
RPy(even), RPy(odd) 
MSW - even; LSW — odd 


Rx +» RPy(even) — 
RPy(even), RPy(odd) 
MSW — even; LSW — odd 














2's Complement 





(Ay) NEG: 0 — Dst — Dst 





d16(Ay) NEGC: 0 — Dst — C — Dst 





Addr 


1's Complement 








NOT(Dst) — Dst 











see AND 
(page 9) 
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= = T na ie ; } ol 
, : i : ' i 
OPERAND |; Xo 6 
' ASSEMBLER OPERATION iwi tty STATUS 
INSTRUCTION aATTR SYNTAX . wORD 2 - Cc. conan | FLAGS 
MNEMONIC — SIZE_; Source: Src il; 

age pis} 

' Destination =Dst i ; Ey aed 
ete, aia) eh edhe et aye Nae tecdt se a tome ie oars. | Pa 
| LS, 15(14:13/12'11/10}9 8.7 6:5:4;3/2!t!0! | Qo IN| Zivic 

POP YR i 4 0 It Reex § BL 6 tb. 6 | (SP)+ = Rx te 
: pp a ws ele a 
1 =. Px 0 | PORTK E 6 "4 ' — 9 | (SP)+ — Px 
' \ . : 4 : t | : ‘ 
= Aye 1 E ; 9 to! ay fi 1) ~ 7 9 {(SP)+ - Aye 
| i seers 
REGLIST | i 2 | 9+ 3n| (SP)+ — REGLIST 

| H | | | NOTE: A minimum of 2 
. ' i | | registers must be specified 
! and may be specified in any | 
; | : \ | order j 

PUSH o> Ax 1 [| REGx |i A E | 1 }— 4 6 | Re - -(SP) SS = 
a | 
a Px 0 E E | 1 |—!9 | Px ~ (SP) 
; i i ' { 
| f Xe 3% or a y - i | ao ee eee ee 
ey) pot |1 [Ax 9 BE fy | —] 9 1 -tay~ -(se) 
| Be is SR eine epee cece ep ee me epee ee fe { meade Wey Alacer £3, eee eee EY 
_ #n16 1 E 9 F 2 4 9 | #<data> — —(SP) 
| | 
PUSHM = REGLIST 1 F 9 E 2 | M j7+3n) REGLIST ~ —(SP) ad 
NOTE: A minimum of 2 
: registers must be specified 
' | and may be specified in any 
i order. 
RET ~ ~ 5 6 2) 7 1 
Reeders pac eae = we ern ee ee pe fe anes en ene 
— | Ax 5 o[-ax ]} oD 7 1 
RETI _ = 5 F D 7 1 12 | (SP)+ — SR HE ee 
(SP)+ — PC 





INSTRUCTION 
MNEMONIC — 














OPERAND 
ASSEMBLER 
SYNTAX 


Source=Sre 
Destination=Dst 








OPERATION 





Src , Dst 


see ASL 
(page 10) 


see ADD 
(page 8) 


#n16,(Ay) 


























OPERATION 


TEST. 
Src .AND. Dst 


TESTN: 
Src .AND. .NOT.(Dst) 





























(SP) +-- Ax 


The following symbols are used to describe the state of the Status Register flags: 





STATUS 


— | Pause; CPU & I/O = 
CLOCKS OFF 


Set according to result of operation. 
QO Cleared. 

1 Set. 

— Not affected. 

U Undefined. 
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Port Map 
PHO 16 External I/O or | 
PLO | $FCOO | Addr/Data Bus In 
Expanded Bus Mode 
i 16 Ext 1/O, Ext Interrupts, 
$FCO2 | Serial Port I/O, LB HB DTACK 
Bus Control LDS UDS Sie 
is 
$FC04 | Reserved 


Serial Receive and 
> apes Serial Transmit 
Buffers 


8 External I/O STRH 
$FCO8 | or Timer and TAO TBO TAI TBI R/G STRL 
Port 0 Handshake 


| SFCOA | Reserved RESERVED 


RDYL 
FCOC! Reserved RESERVED 


Xl2l STRLI TAO! TAIi STRHI 
Xl2M STRLM | TAOM TAIM STRHM 










BUSIN |BUSOUT 





RESERVED 









RECEIVE BUFFER 








a 
SECO. 





$FCOE | Interrupt Latch SPARE 


Register 


Interrupt Mask RESERVED SPARE 

Register 

Serial I/O Receive 
$FC12 | Control and Status 

Register 


$FC10 


Se atest sa 


= 


[= [mele [= ne 
Sst 
bed 
aes 


v 
pare 
Le) 


+ 


| SFC16 | 6 | Timer B Latch 
Timer A Low Latch lecnen al 
Timer A High Latch P| 


Timer and 
$FCIC | Handshake HSM2 HSM1 HSMO 
Control Register 


Expanded Bus 
$FCIE | Control and SEG1 SEGO BLCK 
Status Register 

Port 0 Direction 

$FC20 | Control 

| DDRO 

Port 1 Direction 
P17 $FC22 | Control 
P18 $FC24 i 

A/S WL1 WLO 
S 


Pre] [sFo26|timerC Latch | | 


Serial I/O Transmit 
$FC14 | Control and Status 
ee laRare 


vU 
—_ 
@ 








Xi2C HSE 


TEST 1* | TEST 0” 


F/S XP 















*NOTE: Both test bits should remain a 0 during normal operation. 
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Port Map 
RESERVED 


TRANSMIT BUFFER 
High Byte 
RESERVED 00----00 


RESERVED 
RESERVED 


Xl11 TBII X10} 
Xi1M TBOM TBIM XIOM 
oie srr [+ —— neserVvED 


RESERVED 





Initial 
Condition 











RSCI RNI XMTI TCi $0000 


RSCM XMTM TCM $0000 


ie) 
m 
Cc 
m 


na 


12) 
m 


$0000 








$00A0 
—— 
fe seeeaee 
a 
rac raMc 


UPC/GP R/G RESERVED 
$0000 


synce | synct | syNco | $0000 


TBIC $0000 


Mode pin: 
VCC-$0400 


TAMO TAE 


CLKOUT-$0C00 
GND-$0800 













NOTE: 
When a reserved bit is read, it is read as a zero. 
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ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to GND... 1.0... eee —1.0 V to +70 V 
Total Device Power Dissipation... 0.0.0.0... 0. eee eee eee eee en as 1 Watt 
Ambient Storage Temperature... 0... eee ee eee eens —65°C to +150°C 
Ambient. Operating Temperature: (1; <1 ca 1s) soirin cine eee oieewic Ages bas seed bee tere She ane Bee ww 
Commercial MK68HC2xx/xxx-CX 20 ee eee eee eee ee eens —0°C to +70°C 
Industrial MK6BHC2Xxx/XxX-VX 0 nee eee ee eee —40°C to +85°C 
Miltary MKGSHC2xxIOGMX.. suse hea Ga Rea ea Peewee ee Laeye done yen —55°C to +125°C 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operation sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


MK68200 DC ELECTRICAL CHARACTERISTICS 
(Voc = 5.0 V + 10%, Ty = T, to Ty) 














































PARAMETER MIN MAX UNITS 
Vic Input low voltage; all inputs 203 08 Vv Lee 
Vin Input high voltage; all inputs 

except CLK1 . 
Vin Input high voltage; CLK1 0.7 X Voc | Veo + 03 V 
VoL Output low voltage; all outputs 0.4 
Vou Output high voltage; all outputs 2.4 V lon = —250pA 
ae Output high voltage; all outputs Wee204 Vo lh igg = 107A 
Input leakage current +1 vA Vin = 0 to Veco 
Three-state output leakage current in Vout = 0.4 V to 
float fore 













Input power supply current 
CLKOUT = 12.5 MHz 
CLKOUT = 10 MHz 
CLKOUT = 8 MHz 


loot 
CLKOUT = 0.5 MHz 
loce Power supply current 
in IDLE mode. 
CLKOUT = 12.5 MHz 20 mA 
CLKOUT = 10 MHz 20 mA 
CLKOUT = 8 MHz 20 mA 
CLKOUT = 0.5 MHz 


Outputs Open 
















Outputs Open. 
All 1/O functions 
active. 





10 mA 
Power supply current in STOP mode Outputs Open 


CAPACITANCE 
Ta = 25 °C 


SYMBOL | PARAMETER TEST CONDITION 
- |Input Capacitance it*” ae ie ‘Unmeasured pins 
returned to 














IN 
Three-state Output Capacitance ground 
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MK68HC200 AC ELECTRICAL SPECIFICATIONS 
Ta = T, to Ty, Vog = +5V +10% unless otherwise specified. 
AC measurements are referenced from minimum V,,, or maximum V;,_ for inputs and from minimum Voy, or maximum 


Voz for outputs. 
| 8MHz | 10 MHz 12.5 MHz 























| =n a) ae 
NO.| DESCRIPTION | MIN | MAX | MIN | MAX | MIN UNITS | NOTES : 
t 
RESET low time 20 20 | | 99 state { 
times 








CLK 1 width high (external 
clock input) 


CLK 1 width low (external 22 


= 
clock lal | = = 1c 


CLK 1 period (external clock input) 


ns 





















e| om] = 































Crystal input frequency 
Clock Period (PHI 1) (tc) 
PHI 1 low to PHI 1 high 
PHI 1 high to PHI 1 low 
PHI 1 low to CLKOUT low 
PHI 1 high to CLKOUT high 



































aot 


MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS 
(UPC, GP, AND PRIVATE BUSES) 













































































































8 MHz 10 MHz 12.5 MHz 
DESCRIPTION MIN MAX | MIN MAX | MIN | MAX | UNITS | NOTES 
11. | PHI 1 low to R/W, HB, LB, FC1, 37 ns 2 
FC2, EXPMC, DMODE Valid - 
12 | PHI 1 high to AS low 58 | 46 | | 37 | ns | 2 
13 | PHI 1 low to address valid 60 50 ns 2 
14 | AS low to address invalid 35 30 | 24 ns 2 
15 | PHI 1 low to tri-state address 45 36 29 ns 2 
16 | Tri-state address to DS, LDS, 10 10 10 ns 2 
or UDS Starting low (fast cycle) 
17 | PHI 1 low to DS, LDS, or UDS | 83 66 53 ns 2 | 
low (fast cycle) 
Se 
18 | PHI 1 low to data out valid during 60 50 40 ns 2 
write 
19 | PHI 1 low to R/W, HB, LB, FC1, 0 0 0 ns 2 
FC2, EXPMC, DMODE invalid | ih 
ae - 
20 | PHi 1 low to address/data bus 0 0 0 ns 2 
driven 
21 | AS low to DS, LDS, or UDS 50 | 113 | 42 | 90 | 33 | 72 ns 2 
starting low (fast cycle) 
85 | AS high to FPRIV invalid o | 0 0 ns 
| 86 | Address valid to FPRIV valid (fast cycle) 121 94 75 ns 
87 | Valid data setup to DS, UDS or LDS 65 50 40 ns 2 | 
high during write (fast cycle) ble | 














MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (UPC AND GP BUSES) 
10 MHz 





DESCRIPTION 
Tri-state address to DS, LDS, 
or UDS starting low (standard cycle) 


PHI 1 high to DS, LDS, or UDS 
low (standard cycle) 


Valid Data Setup to PHI 1 low 


AS low to DS, LDS, or UDS 
starting low (standard cycle) 


R/W, HB, or LB valid to AS 
starting low 


7 | Address valid to AS starting low 
8 | Input data hold time from PHI 1 low 


9 | Input data hold time from DS, 
DS, or UDS high 


Hi 1 low to DS, LDS, or UDS high 
ACK low or FPRIV valid setup to PHI 1 high| 7 
DS, UDS, or DS high to 


UNITS | NOTES 


ie) 


nN 
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LDS, UDS, or DS pulse width 


B = 


= 
z/o| 3 
= oO 
=|S|\2 
2) AIS 
= p> 
e = 
> Oo 
0) a. 
= =. 
Sleiz 


PHI 1 low to data out invalid 


oO 


> 
@) 
>: 
iv) 
2. 
S 


ns 
Ns 
ns 
ns 
ns 
ns 


DS, LDS, or UDS high to data 
out invalid 

DS, LDS, or UDS high to AS high 
8 | Address valid to FPRIV valid 
(standard cycle) 

Valid data setup to DS, LDS, or UDS 
during write (standard cycle) 

DS, LDS or UDS low to data in 
valid (fast cycle) 

DS, LDS or UDS Iow to data in 
valid (standard cycle) 

Address valid to data in valid (fast 
cycle) 


Address valid to data in valid 
(standard cycle) 






N oO cert on 


@ 
foe) 


e Z 


— 
NO 
(>) 
a 
oO 
Oo 


2 
2 
2 
2 
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NO 


co 


3 
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co 
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MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (UPC BUS) 





ESCRIPTION 


BGACK low to BR high 
BG low to BGACK low 


BGACK, AS, DTACK, inactive 

to BGACK low; BG already low 
BGACK low to AS, UDS, LDS, R/W 
or address/data bus driven 


3 | AS, LDS, UDS, R/W or address/data 
bus tri-state to BGACK high 


UNITS | NOTES 
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MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (GP BUS) 


pacman wan | WAX 
45 | BUSIN low to BUSOUT low (bus 

grantor, fast cycle, no wait states) 
46 | BUSOUT high to AS, DS, R/W, LB, 


HB or address/data bus driven 
(bus grantor) 


BUSIN high to BUSOUT high 
(bus grantor) 


Tri-state AS, DS, R/W, LB, HB or 
address /data bus to BUSOUT low 
(bus grantor) 


BUSOUT low to AS, DS, R/W, 
LB, HB or address/data bus driven 
(bus requestor, BUSIN low) 


BUSIN low to AS, DS, RW, LB, 
HB or address/data bus driven 
(bus requestor, BUSOUT low) 


BUSOUT high to BUSIN high 
(bus requestor) 


Tri-state AS, DS, R/W, HB, LB or 
address/data bus to BUSOUT high 
(bus requestor) 































































NO.| DESCRIPTION | MIN | MAX | MIN | MAX | MIN | MAX | UNITS | NOTES 
56 | Valid Data Setup to PHI 1 low 15 12 | | to {fons | 
57 | PBR/W valid to PBAS starting 30 24 19 
low 
58 | Address valid to PBAS starting 27 17 
low 
59 | Input data hold time from PHI 1 0 ns 
low 
Input data hold time from PBDS 
high 
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MK68HC200 EXPANDED BUS AC ELECTRICAL SPECIFICATIONS (PRIVATE BUS) (Cont.) 


DESCRIPTION MIN | 


PHI 1 low to PBDS high aay 
| 62 | PBDTACK low setup to PHI 1 high 10 


(hold time) 
64 | PBDS pulse width S| «SOC 
[65 [PHI thigh to PBAShigh | 
66 | PHI1 low to data out invalid «| 10 
100 
[68 | PBDS high to data out invalid __—_—_—*| 100 
69 | PBDS high to PBAS high |S 
94 | PBDS low to datainvaid | 
(95 | Address valid to data invalid | 


MK68HC200 INPUT/OUTPUT AC ELECTRICAL CHARACTERISTICS 


* DESCRIPTION | MIN | 
70 | Active and inactive | For Xl2, Xl, 
pulse times STRH, STRL, 
TAI, TBI, NMI 5 


For X10 3 
7 


71 | Input data setup to falling edge of 
STRH, STRL 

72 | Input data hold from the falling 30 
edge of STRH, STRL 

RDYH, RDYL low time 

74 | Delay from STRH, STRL high to 
RDYH, RDYL low 

75 | Delay from data valid to RDYH, 

RDYL high (output mode) 

76 | Delay from STRH high to data out 
(bidirectional mode) 

77 | Port 0 data hold time from STRH 15 
low (bidirectional mode) 

78 | Delay to Port 0 float from STRH 
low (bidirectional mode) 

79 | TCLK,RCLK period | as input | 125 | 
{asynchronous [as output | 250. 
TCLK,RCLK period 50 
(synchronous) 


: TOLK, ROLK width low | as input | 1 

















aliogla {a | 


UNITS | NOTES 
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or high 
low or high 
(synchronous) | asoutput | 4 
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MK68HC200 INPUT/OUTPUT AC ELECTRICAL SPECIFICATIONS 


__ rn [MAX 
g2 | TCLK low to SO | TCLK as input 165) | 

delay (sync mode) 
TCLK as output ar 

















setup time (sync 
84 | SI hold time from 22 
RCLK high 










NOTES 

1. One state time is equal to one-half of the instruction clock (PHI 1) period. 

2. For the private bus case, the signals referenced apply to the equivalent 
private bus signals. 


LOAD 1 LOAD 2 


IN914 
TEST POINT TEST POINT 


+2.5V Vcc 
2KOQ (1%) 


20KO 150 pF 
150 pF 
(1%) 


—_— —_— TEST LOAD 2 IS APPLICABLE TO 
P1-12 AND P1-8. 





TEST LOAD 1 IS APPLICABLE TO 
ALL PINS EXCEPT P1-12, P1-8, AND 
CLKOUT. 


LOAD 3 


1N914 
TEST POINT 
+2.5V 





TEST LOAD 3 IS APPLICABLE TO CLKOUT. 


Figure 18. Output Test Load 


3-319 


CLK 1 
(EXTERNAL CLOCK 
SIGNAL) 


RESET 


X12, XI1, XI0, 


TAI, TBI, NMI, 


STRL, STRH 


PHI 1 


CLKOUT 


A/D (READ) 


UDS 
LDS 


DTACK 


A/D (WRITE) 


FPRIV 











NO ee eee 


Figure 19. MK68HC200 AC Timing 





FC1, FC2 K® | 
EXPMC 
OMODE 


Figure 20. MK68HC201 UPC Bus Timing (Fast Cycle) 
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CLKOUT 





Figure 21. MK68HC201 UPC Bus Timing (Standard Cycle) 
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Figure 22. MK68HC201 UPC Bus Arbitration Timing 


3-322 

















DTACK : 





Figure 23. MK68HC211 GP Bus Timing (Fast Cycle) 
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errr ; 
AN 
FC1, FC2 
EXPMC 
DMODE , 


Figure 24. MK68HC211 GP Bus Timing (Standard Cycle) 
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CLKOUT 





Figure 25. MK68HC211 GP Bus Timing (Interrupt Acknowledge Timing) 
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CLKOUT | | | | | | | | | | | | | | | | | | | | | | | | 


BUSIN 


BUSOUT 


HB, LB 
R/W 
A/D 


PBAS 


PBDS / \ / . Ss 7 \ 
ane J 


Figure 26. MK68HC211 GP Bus Arbitration Timing (Bus Grantor) 





@) 


——~F 


BUSIN 


HB, LB 
R/W 
A/D 


PBAS 


Pane ‘ / 
PBDS \ / Ly 


Figure 27. MK68HC211 GP Bus Arbitration Timing (Bus Requestor) 
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PHI 1 


© 


CLKOUT 


PBR/W 
PBHB, PBLB 


PB A/D 
(READ) 


PBOS 


PBDTACK 


PB A/D 
(WRITE) 


FPRIV 





FC1, FC2 
EXPMC 
DMODE 








Figure 28. MK68HC221 Private Bus Timing (Fast Cycle) 
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RDYH 
RDYL 


Figure 29. Input/Output AC Timing (Data Input) 


@ Pe 


RDYH 
RDYL 





STRH 
STRL 


Figure 30. Input/Output AC Timing (Data Output) 
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PORTO INPUT DATA OUTPUT DATA 


-o--@ 





STRL 


RDYL 


RDYH 


2 an ae 


STRH 





TCLK 


SO 


RCLK 


SI 





Figure 32. Input/Output AC Timing (Serial |/O) 
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PART NUMBERING INFORMATION 
There are two types of part numbers for the MK68HC200 


family of devices. The generic part number describes 
the basic device type, the amount of ROM and RAM, 


Generic Part Number 
An example of the generic part number is shown below: 


MK68HC201/ 4 4 N - 0 6 


NOTES 

1. Must be “4” when specifying the ROM version. 

2. Must be “8” when specifying the emulator version. 
3. Must be “0” when specifying the emulator version. 
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the desired package type, temperature range, power sup- 
ply tolerance, and expandable bus interface type. The 
device order number indicates the specific mask set 
Mostek will use to manufacture the device, along with 
package type, speed grade and temperature range. 


Denotes maximum instruction clock 


frequency. 
8 = 8 MHz 
10= 10 MHz 
12= 12.5 MHz 


Denotes operating temperature range. 
C = 0° to +70°C 
V = -—40°C to +85°C 
M= —55°C to +125°C 


Leadiess Chip Carrier 
Plastic Leaded Chip Carrier 


a 


Package Type. a 


RAM Designator. 4 = 256 Bytes! 
8 = 512 Bytes? 
ROM Designator 0 = None? 
4 = 4K Bytes 
Basic Device Type. 68HC201 = UPC Bus 
68HC211 = GP Bus 
68HC221 = Emulator with 


UPC/GP input 
pin 


Device Order Number 


An example of the device order number is shown below: 


MK 4 3 


1 


5 


2 


—- 




















; 


Denotes maximum instruction clock frequency. 


8 = 8 MHz 
10 = 10 MHz 
12 = 12.5 MHz 


Denotes operating temperature range. 
C = 0° to +70°C 
V = —40°C to +85°C 
M = —55°C to +125°C 
Package Type. E = Ceramic Leadless Chip Carrier 
Q = Plastic Leaded Chip Carrier 


Version/Code Specific Number. 
For MK68HC201, MK68HC211: 
002 = No ROM version (standard catalog item) 
Oxx = Reserved for catalog codes 
100 - 999 = Customer Code (Mostek Assigned) 
For MK68HC221: 
030 = GP/UPC, 512 bytes RAM, no ROM 


Basic Device Type. 
40 = Emulator Version 
43 = UPC, 0 or 4K bytes ROM, 
256 bytes RAM 
44 = GP, 0 or 4K bytes ROM, 
256 bytes RAM 
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PART NUMBER EXAMPLES (A noninclusive list) 


MK68HC201/44Q-C10 Device Order Number = MK43XXXQ-C10 
Speed = 10MHz 

Temperature = 0° to 70°C 

Package = 52 pin plastic LCC 

RAM = 256 bytes 

ROM = 4096 bytes 

Bus = UPC 


Device Order Number = MK44002Q-C8 
Speed = 8MHz 

Temperature = 0° to 70°C 

Package = 52 pin plastic LCC 

RAM = 256 bytes 

ROM = None 

Bus = GP 


Device Order Number = MK40030E-M12 
Speed = 12.5MHz 

Temperature = —55°C to +125°C 
Package = 84 pin ceramic LCC 

RAM = 512 bytes 

ROM = None | 
Bus = GP/UPC 


Device Order Number = MK43XXXQ-V8 
Speed = 8MHz 

Temperature = —40 to +85°C 

Package = 52 pin plastic LCC 

RAM = 256 bytes 

ROM = 4096 bytes 

Bus = UPC 

















MK68HC211/04Q-C8 













MK68HC221/08E-M12 















MK68HC201/44Q-V8 
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MK68HC200 52-Pin 
Ceramic Leadless Chip Carrier (E) 


La 


TOP VIEW BOTTOM VIEW 


20 





INCHES 





mun 72222722 


WLLL 





TW zz 














NOTES: 
1. Body material shall be ceramic. 
2. Plating shall be gold over nickel as specified in the detail specification. 














1 INCH = 2.54 CENTIMETERS 
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MK68HC200 52-Pin 
Plastic Leaded Chip Carrier (Q) 





NOTES: 


1. LEAD FINISH TO BE 
SPECIFIED PER CUSTOMER 
AGREEMENT. 


2. WHEN SOLDER DIP LEAD 
FINISH IS SPECIFIED, THE 
MAXIMUM LIMIT SHALL BE 
INCREASED BY .OOS. 


K 





MK68HC221 84-Pin 
Ceramic Leadless Chip Carrier (E) 


TOP VIEW 


—_ __+ 


TUTTLE Tiswrss SSSR 4 


F 





roe 











BOTTOM 


1.167 
1.167 
0.070 | 0.090 


0.080 


“0.088 | 0.056 | 
~0.088 | 0.056 
0.075 [0.095 | 
0.088 [0.082 | 
0.055 | 0.038 | 


"0.070 | 0.0 | 



















1 INCH = 2.54 CENTIMETERS 
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MK68HC221 84-Pin 
Plastic Leaded Chip Carrier (Q) 





1. LEAD FINISH TO BE 
SPECIFIED PER CUSTOMER 
AGREEMENT, 


2. WHEN SOLDER DIP LEAD 
FINISH !S SPECIFIED, THE 
MAXIMUM LIMIT SHALL BE 
INCREASED BY .OOS. 


1 INCH = 2.54 CENTIMETERS 
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CHAPTER 4 - 68000 PERIPHERALS 


68000 PERIPHERALS SELECTION GUIDE 


Part number 


MK68230-8 
MK68230-10 


MK68451-8 
MK68451-10 
MK68451-12 


MK68564-04 
MK68564-05 


MK68901-00 
MK68901-05 


TS68HC901 


Description 


Parallel Interface Timer (PI/T) - 68000 bus 
compatible 24-bit programmable timer modes 


Memory management unit - Compatible with 
TS68000 and TS68008 


Dual serial Input Output controller 
asynchronous, synchronous byte-oriented and 
synchronous bit oriented protocols 


Multifunction peripheral - 8 I/O - 16 Source 
interrupt controller - Single channel USART full 
duplex 68000 bus compatible 


CMOS version of the MK68901 


Technology 


HMOS 


NMOS 


HMOS 


HMOS 


HCMOS 


Alt source 


MC68320-8 
MC68230-10 


MC68451-8 
MC68451-10 


CLK freq. 
(MHz) 


8 
10 


8 
10 


ah; oat 


Page 


4-3 


4-13 


4-17 


4-29 


4-59 


oo MK68230 


@ 


MOSTEK 


PRELIMINARY MICROCOMPUTER COMPONENTS 





FEATURES 
MK68230 


Figure 1 
CJ 68000 Bus Compatible 


(J Port Modes Include: 
Bit I/O 
Unidirectional 8-bit and 16-bit 
Bidirectional 8-bit and 16-bit 


CJ Programmabie Handshaking Options 
[J 24-bit Programmable Timer Modes 
(J Five Separate Interrupt Vectors 


(] Separate Port and Timer Interrupt Service Requests 





C] Registers are Read/Write and Directly Addressable 





[1 Registers are Addressed for MOVEP (Move 
Peripheral) and DMAC Compatibility 


GENERAL DESCRIPTION 


The MK68230 Parallel Interface/Timer (PI/T) provides 
versatile double-buffered parallel interfaces and an PIN ASSIGNMENT 
operating system oriented timer to MK68000 systems. Figure 2 
The parallel interfaces operate in unidirectional or 

bidirectional modes, either 8 or 16 bits wide. In the 
unidirectional modes, an associated data direction 

register determines whether the port pins are inputs or 

outputs. In the bidirectional modes, the data direction 

registers are ignored, and the direction is determined 

dynamically by the state of four handshake pins. These 
programmable handshake pins provide an interface flex- 

ible enough for connection to a wide variety of low, 

medium, or high speed peripherals or other computer 

systems. The PI/T ports allow use of vectored or autovec- 

tored interrupts, and also provide a DMA request pin for 

connection to the Direct Memory Access Controller or 

a similar circuit. The PI/T timer contains a 24-bit wide 

counter and a 5-bit prescaler. The timer may be clocked 

by the system clock (PI/T CLK pin) or by an external 

clock (TIN pin), with the option of using a 5-bit prescaler. 

It can generate periodic interrupts, a square wave, or a 

single interrupt after a programmed timer period. Also, 

it can be used for elapsed time measurement or as a 

device watchdog. 


° 
o 
N 
© 
© 
x 
= 





The PI/T consists of two logically independent sections: 
the ports and the timer. The port section consists of Port 
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LOGICAL PIN ASSIGNMENT —_ 


Figure 3 
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MK68320 BLOCK DIAGRAM 


Figure 4 
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Data Bus Interface and 
- Interrupt Vector Registers 


A (PAO-PA7), Port B (PBO-PB7), four handshake pins 
(H1, H2, H3, and H4), two general I/O pins, and six dual- 
function pins. The dual-function pins can individually 
operate as a third port (Port C) or as an alternate func- 
tion related to either Ports A and B, or the timer. The four 
programmable handshake pins, depending on the mode, 
can control data transfer to and from the ports, can be 
used as interrupt generating inputs, or can be used as 
I/O pins. The timer consists of a 24-bit counter, optionally 
clocked by a 5-bit prescaler. Three pins provide complete 
timer I/O: PC2/TIN, PC3/TOUT, and PC7/ 
TIACK. Of course, only the ones needed for the given 
configuration perform the timer function, while the others 
remain Port C I/O. 


The system bus interface provides for asynchronous 
transfer of data from the PI/T to a bus master over the 
data bus (DO-D7). Data transfer acknowledge (DTACK), 
register selects (RS1-RS5), chip select, the read/write line 
(R/W), and Port Interrupt Acknowledge (PIACK) or Timer 
Interrupt Acknowledge (TIACK) control data transfer 
between the PI/T and the MK68000. 


46 47 48 1 2 3 
D2 D3 D4 DS D6 D7 


PAO 4 
PAl 5 
p PA2 6 
ue a PA3 7 
Interrupt/ interna A PAA 8 
OMA Data Bus oAE: <6 
Control PAG 10 
roule PAT 11 
<« Vcc 12 
Handshake 
Controllers Handshake 2 : 
and Interface 43 16 
Mode Logic Logic a ‘z 
PBO 17 
PB1 18 
p PB2 18 
ar PBS 20 
PB4 21 
PBS 22 
PB6 23 
PB7 24 
Port C and Pin Function Multiplexer 
PC7i/ —PC6/ -PCS/ PC4/ PC3/TOUT PC2/TIN PC1 PCO RS1 RS2  RS3  RS4~ RSS 
TIACK PIACK PIRQ DOMAREQ 33 32 31 30 29 28 27 26 25 
37 36 35 34 
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PI/T SYSTEM BLOCK DIAGRAM 


Figure 5 
















DO D15 A1A23. R/W 







FC2 0 


tos 





MK68000 


PIN DESCRIPTION 


Throughout this data sheet, signals are presented using 
the terms active and inactive, or asserted and negated 
independent of whether the signal is active in the high- 
voltage state or low-voltage state. (The active state of each 
logic pin is given below.) Active low signals are denoted 
by a superscript bar. R/W indicates a “write” is active low 


and a “read” 


DO-D7 
(Bidirec- 
tional Data 
Bus) 


RS1-RS5 
(Register 
Selects) 


RW 
(Read/Write 
Input) 


CS 
(Chip Select 
Input) 


DTACK 
(Data 
Transfer 
Acknowledge 
Output) 


active high. 


The data bus pins DO-D7 form an 8-bit 
bidirectional data bus to/from the MK68000 
or other bus master. These pins are active 
high. 


RS1-RS5 are active high, high-impedance 
inputs that determine which of the 25 pos- 
sible registers is being addressed. They are 
provided by the MK68000 or other bus 
master. 


R/W is the high-impedance Read/Write 
signal from the MK68000 or bus master, 
indicating whether the current bus cycle is 
a read (high cycle) or write (low cycle). 


CS isa high-impedance input that selects 
the PI/T registers for the current bus cycle. 
Address strobe and the data strobe (upper 
and lower) of the bus master, along with the 
appropriate address bits, must be included 
in the chip select equation. A low level cor- 
responds to an asserted chip select. 


DTACK is an active low output that signals 
the completion of the bus cycle. During 
read or interrupt acknowledge cycles, 
DTACK is asserted by the MK68230 after 
data has been provided on the data bus; 
during write cycles it is asserted after data 


ADDRESS AND 


(ACK DECODE 





R/W 





ts 


DTACK 


RESET 


RESET 
(Reset 
Input) 


CLK 
(Clock 
Input) 


PAO-PA7 
and 
PBO-PB7 
(Port A and 
Port B) 


H1-H4 
(Handshake 
Pins Inputs 
or Output) 


RS’ RSS BDO O7 


PC6/PIATK 
















PC7/TIACK 


PC5/PIRQ 


PC3/TOUT 


MK68230 





PAO 7 
PBO 7 

H1 

H2 

H3 

H4 

PC4a/ 
DMAREG 
PC2/TIN 


PI/T PC1 


PCO 





CLK Veg Veg 


4 


has been accepted at the data bus. Data 
transfer acknowledge is compatible with 
the MK68000 and with other Mostek bus 
masters. A holding resistor is required to 
maintain DTACK high between bus cycles. 








RESET is a high-impedance input used to 
initialize all PI/T functions. All control and 
data direction registers are cleared and 
most internal operations are disabled by 
the assertion of RESET (low). 





The clock pin is a high-impedance, TTL- 
compatible signal with the same specifica- 
tions as the MK68000. The PI/T contains 
dynamic logic throughout, and hence this 
clock must not be gated off at any time. 
It is not necessary that this clock maintain 
any particular phase relationship with the 
MK68000 clock. It may be connected to an 
independent frequency source (faster or 
slower) as long as all bus specifications 
are met. 


Ports A and B are 8-bit ports that may be 
concatenated to form a 16-bit port in cer- 
tain modes. The ports may be controlled 
in conjunction with the handshake pins 
H1-H4. For stabilization during system 
power-up, Ports A and B have internal pull 
up resistors to Vcc. All port pins are active 
high. 


Handshake pins H1-H4 are multi-purpose 
pins that (depending on operational mode) 
may provide an interlocked handshake, a 
pulsed handshake, an interrupt input (in- 
dependent of data transfers), or simple I/O 
pins. For stabilization during system power- 


up, H-2 and H4 have internal pullup TIACK) are timer I/O pins. TIN may be 





resistors to Vcc. Their sense (active high used as a rising-edge triggered external 
or low) may be programmed in the Port clock input or an external run/halt control 
General Control Register bits 3-0. Indepen- pin (the timer is in the run state if run/halt 
dent of the mode, the instantaneous level is high and in the halt state if run/halt is 
of the handshake pins can be read from low). TOUT may provide an active low 
the Port Status Register. timer interrupt request output or a general- 
purpose square-wave output, initially high. 
Port C This port can be used as eight general TIACK is an active low high-impedance 
(PCO-PC7/ purpose I/O pins (PCO-PC7) or any com- input used for timer interrupt acknowledge. 
Alternate bination of six special function pins and 
Function) — two general purpose 1/O pins (PCO-PC?}). Port A and B functions have an indepen- 
(Each dual function pin can be standard dent pair of active low interrupts request 
I/O or a special function independent of (PIRQ) and interrupt acnkowledge (PIACK) 
the other Port C pins.) The dual function pins. 
pins are defined in the following para- 
graphs. When used as a Port C pin, these The DMAREQ (Direct Memory Access Re- 
pins are active high. They may be indi- quest) pin provides an active low Direct 
vidually programmed as inputs or outputs Memory Access Controller (DMAC) re- 
by the Port C Data Direction Register. quest pulse of three clock cylcles. 


The alternate functions (TIN, TOUT, 


MAXIMUM RATINGS 









Characteristics 


[Symbor [Vatu [Unit 
°C 







Operating Temperature Range 






Storage Temperature T stg 
NOTE: , | . be taken to avoid application of any voltage higher than maximum-rated voltages 
This device contains circuitry to protect the inputs against damage due to high to this high-impedance circuit. Reliability of operation is enhanced if unused 
static voltages or electric fields; however, it is advised that normal precautions inputs are tied to an appropriate logic voltage level (e.g., either Vgg oF Voc): 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vde + 5%, Ta = 0 to 70°C, unless otherwise noted) 


Characteristics Symbol Min | Max | Unit 
Input High Voltage All inputs ie [Vas +287 Veg TW 
Fae ae ea Wag 20 Go ss 08 gs 208 


Input Leakage Current (Vj, = 0 to 5.25 V) 
H1, H3, R/W, RESET, CLK, RS1-RS5, CS Pee es 
Hi-Z (Off State) Input Current (Vi, = 0.4 to 2.4) 
DTACK, PCO-PC7, DO-D7 — 20 pA 
H2, H4, PAO-PA7, PBO-PB7 Its} -0.1 —1.0 mA 


Output High Voltage 
(LOAD = —400uA, Voc in) DTACK, DO-D7 
(LOAD = —150uA, Voc H2, H4, PBO-PB7, PAO-PA7 | Voy | Vsg +24 Vv 
(LOAD = —100nA, Voc PCO0-PC7 
Output Low Voltage 
(LOAD = 88 mA, Voc = min) PC3/TOUT, PC5/PIRQ 
(ILOAD = 5:3 mA, Vcc = min) DO-D7, DTACK | Vo. V 
(LOAD = 2.4 mA, Voc = min) 
PAO-PA7, PBO-PB7, H2, H4, PCO-PC2, PC4, PC6,PC7 


Internal Power Dissipation (Measured at Ta = 0°C) | Pint] — | 750 | mw] 
Input Capacitance (Vin, = 0, Ta = 25°C, f = 1 MHz) | Cin | =o | 18 | sop 


AC ELECTRICAL SPECIFICATIONS — CLOCK TIMING 


Characteristics ermal a babii 


Clock Pulse Width tcL 55 45 250 | 35 — 
ICH 55 45 250 35 125 
Clock Rise and Fall Times tcr 10 10 
tcr 10 10 5 


AC ELECTRICAL SPECIFICATIONS (Voc = 5.0 Vdc + 5%, Vgg = 0 Vde, Ta = 0°C to 70°C, unless otherwise noted) 


— Characteristics 


R/W, RS1-RS5 Valid to CS Low (Setup 

Time) 

CS Low to R/W and RS1-RS5 Invalid (Hold 

Time) 100 


a ee oe os 
eo asrns aA aid Bea Gee ee 
[8 [ek ove DAR ioe rears oe o |e [oe oe To 
Po f=[e[=—e][=— 


CS or PIACK or TIACK High to sa Out 

Invalid (Hold Time) 

CS or PIACK or TIACK High to DO-D7 

High Impedance 45 45 















































ns 
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AC ELECTRICAL SPECIFICATIONS (Continued) 


8 MHz 10 MHz 12.5 MHz 


Number Characteristic Min | Max | Min | Max | Min | Max Unit 


10 CS or PIACK or TIACK High to DIACK , 
High — 50 — | 45 40 ns 














11 CS or PIACK or TIACK High to DTACK 
High Impedance — 100 — 55 


-— 
12 Data In Valid to CS Low (Setup Time) po} — | o | =~ | oo] == 1, AS 


SS 
13 | CS Low to Data In Invalid (Hold Time) 100 | — | 65 ae O's 
14 Port Input Data Valid to H1(H3) Asserted re 
50 





(Setup Time) 100 — 60 — — ns 


15 H1(H3) Asserted to Port Input Data Invalid 
(Hold Time) 20 — 20 20 — ns 


















































16 Handshake Input H1(H4) Pulse Width 
Asserted 40 _ 40 — 40 — ns 
a7 Handshake Input H1(H4) Pulse Width 
Negated 40 — — 40 — ns 
18 H1(H3) Asserted to H2(H4) Negated 
(Delay Time) 120 — 100 ns 
19 CLK Low to H2(H4) Asserted : 
(Delay Time) — 100 — 100 — 80 ns 
20(4) H2(H4) Asserted to H1(H3) Asserted 0 — 0 — 0 — ns 
21(5) | CLK Low to H2(H4) Pulse Negated | 
(Delay Time) — 125 _ 125 — 100 ns 
22(9,10) | Synchronized H1(H3) to CLK Low on which CLK 
DMAREQ is Asserted 25 3.5 25 3.5 2.5 3.5 Per. 
23 CLK Low on which DMAREQ is Asserted to : CLK 
CLK Low on which DMAREQ is Negated 2.5 3 Per. 
24 CLK Low to Port Output Data Valid (Delay 
Time) (Modes 0 and 1) 100 ns 
25(9,10) | Synchronized H1(H3) to Port Output Data CLK 
Invalid (Modes 0 and 1) 1.5 2.5 Per. 
26 H1 Negated to Port Output Data Valid 
(Modes 2 and 3) 50 ns 











27 H1 Asserted to Port Output Data High 
Impedance (Modes 2 and 3) 70 ns 


28 Read Data Valid to DIACK Low | 
(Setup Time) — ns 
errr reser erreur eee . 
29 CLK Low to Data Output Valid, Interrupt 
Acknowledge Cycle 120 100 80 ns 
— ns 


30(7) | H1(H3) Asserted to CLK High (Setup Time)| 50 | — | 40 _ 40 | — | ns | 
Pint a ee 


31 PIACK or TIACK Low to CLK Low 
(Setup Time) 50 40 30 — ns 

















AC ELECTRICAL SPECIFICATIONS (Continued) 













































NOTES: 
1. 


This specification only applies if the Pi/T had completed all operations in- 
itiated by the previous bus cycle when CS was asserted. Following a nor- 
mal read or write bus cycle, all operations are complete within three clocks 
after the falling edge of the CLK pin on which DTACK was asserted. If CS 
is asserted prior to compietion of these operations, the new bus cycle, and 
hence, DTACK is postponed. 





if all operations of the previous bus cycle were complete when CS was 
asserted, this specification is made only to insure that DTACK is asserted 
with respect to the falling edge of the CLK pin as shown in the timing 
diagram, not to guarantee operation of the part. If the CS setup time is 
violated, DTACK may be asserted as shown, or may be asserted one clock 
cycle later. 


Assuming the RS1-RS5 to data valid time has also expired. 


This specification imposes a lower bound on CS low time, guaranteeing that 
CS will be low for at least 1 CLK period. 











8 MHz 10 MHz 12.5 MHz 
Number Characteristic Min Max Min | Max Min Max | Unit 
—_— aS fa aa mal 
32(10) | Synchronized CS to CLK Low on which CLK 
DMAREQ is Asserted 3 3 3 3 3 3 Per. 
33(9,10) | Synchronized H1(H3) to CLK Low on which CLK 
H2(H4) is Asserted 3.5 45 3.5 45 3.5 45 | Per. 
34 CLK Low to DTACK Low Interrupt 
Acknowledge Cycle (Delay Time) — 100 os 100 — 80 ns 
35 CLK Low to DMAREQ Low (Delay Time) 0 120 0 100 0 80 ns 
a eee 
36 CLK Low to DMAREQ High (Delay Time) 0 120 0 100 0 80 ns 
37(10) | Synchronized H1(H3) to CLK Low on CLK 
which PIRQ is Asserted 25 3.5 25 3.5 25 3.5 Per. 
38(10) | Synchronized CS to CLK Low on which CLK 
PIRQ is High Impedance 3 3 3 3 3 3 Per. 
39 CLK Low to PIRQ Low or High Impedance 0 250 0 225 0 200 ns 
40(8) TIN Frequency (External Clock) - Prescaler folk 
Used 0 1 0 1 0 1 (Hz) (6) 
41 TIN Frequency (External Clock) - Prescaler folk 
Not Used 0 1/8 0 1/8 0 1/8 (Hz) (6) 
42 TIN Pulse Width High or Low 
(External Clock) 55 — 45 — 45 — ns 
43 TIN Pulse Width Low (Run/Halt Clock) 1 — 1 — 1 — CLK 
Per. 
44 CLK Low to TOUT High, Low, or High 
Impedance 0 250 0 225 0 Raine (el 
CS, PIACK, or TIACH High to CS, PIACK, 
or TIACK Low 50 — 30 — 30 —_— ns 

















not be recognized until the next rising of the clock. 


This limit applies to the frequency of the signal at TIN compared to the fre- 
quency of the CLK signal during each clock cycle. If any period of the 
waveform at TIN is smaller than the period of the CLK signal at that instant, 
then it is likely that the timer circuit will completely ignore one cycle of the 
TIN signal. 


If these two signals are derived from different sources, they will have dif- 
ferent instantaneous frequency variations. In this case the frequency ap- 
plied to the TIN pin must be distinctly less than the frequency at the CLK 
pin to avoid lost cycles of the TIN signal. With signals derived from different 
crystal oscillators applied to the TIN and CLK pins with fast rise and fall 
times, the TIN frequency can approach 80 to 90% of the frequency of the 
CLK signal without a loss of a cycle of the TIN signal. 


If thease two signals are derived from the same frequency source then the 
frequency of the signal applied to TIN can be 100% of the frequency at the 
CLK pin. They may be generated by different buffers from the same signal 
or one may be an inverted version of the other. The TIN signal may be 


4. This specification assures recognition of the asserted edge of H1(H3). genarated by and ‘AND’ function of the clock and a control signal. 
This specification applies only when a pulsed handshake option is chosen 9. The maximum value is caused by a peripheral access (H1 (H3) asserted) 
and the pulse is not shortened due to an early asserted edge of H1(H3). and bus access (CS asserted) occurring at the same time. 

6. CLK refers to the actual frequency of the CLK pin, not the maximum 10.Synchronized means that the input signal has been seen by the PI/T on 


allowable CLK frequency. 


7. |f the setup time on the rising edge of the clock is not met, H1(H3) may 
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the appropriate edge of the clock (rising edge for H1(H3) and falling edge 
for CS). 


CLOCK INPUT TIMING DIAGRAM 
Figure 6 


READ CYCLE TIMING DIAGRAM 
Figure 7 
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WRITE CYCLE TIMING DIAGRAM 
Figure 8 
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NOTE: 
Timing measurements are referenced to and from a low voltage of 0.8 volts and 
a high voltage of 2.0 volts, unless otherwise noted. 


IACK TIMING DIAGRAM 
Figure 9 


CLK —— 


PIACK ~~ 
or TIACK —. 





NOTE: 








Timing measurements are referenced to and from a low voltage of 0.8 volts and 
a high voltage of 2.0 volts, unless otherwise needed. 


PERIPHERAL INPUT TIMING DIAGRAM 


Figure 10 
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PERIPHERAL OUTPUT TIMING DIAGRAM 


Figure 11 
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NOTES: 











1. Timing diagram shows H1, H2, H3, and H4 asserted low. 
2. Timing measurements are referenced to and from a low voltage of 0.8 volts 
and a high voltage of 2.0 volts, unless otherwise noted. 
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MK68230 ORDERING INFORMATION 

















PART NO. PACKAGE TYPE sf CLOCK FREQUENCY TEMP. RANGE 
MK68230N-8 48 Pin Plastic 8.0 MHz 0° to 70 °C 
MK68230N-10 DIP | 10.0 MHz 
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THOMSON 


COMPONENTS 


MOSTEK 


ADVANCE INFORMATION 


FEATURES 

CL] Compatible with MK68000 and MK68008 

[] Provides virtual memory support for the MK68010 
(] Provides efficient memory allocation 


[] Seperates address spaces of system and user 
resources 


(J Provides write protection 
[1] Supports paging and segmentation 
L] 32 segments of variable size with each MMU 


L] Multiple MMU capability to expand to any number of 
segments 


L] Allows inter-task communication through shared 
segments 


L] Quick context switching to cut operating system 
overhead 


_] Simplifies programming model of address space 
L] Increases system reliability 

|] DMA-compatible 

GENERAL DESCRIPTION 


The MK68451 memory management unit (MMU) provides 
address translation and protection for the 16 megabyte 
addressing range of the MK68000 MPU. Each bus master 
(or processor) in the MK68000 family provides a function 
code and an address during each bus cycle. The func- 
tion code specifies an address space, and the address 
specifies a location within that address space. The func- 
tion codes distinguish between user and supervisor 
spaces and, within these, between data and program 
spaces. This separation of address spaces provides the 
basis for memory management and protection by the 
operating system. Provision is also made for other bus 
masters to have separate address spaces for logical DMA. 





MK68451 


MICROCOMPUTER COMPONENTS 


MK68451 
Figure 1 





A multitasking operating system is simplified, and reliability 
is enhanced, through the use of the MMU. 


The MK68451 memory management unit (MMU) is the 
basic element of a memory management mechanism 
(MMM) in an MK68000 family system. The operating sys- 
tem is responsible for insuring the proper execution of user 
tasks in the system environment, and memory manage- 
ment is basic to this responsibility. The MMM provides the 
operating system with the capability to allocate, control, 
and protect the system memory. A block diagram of a 
single-MMU system is shown in Figure 3. 


An MMM, implemented with one or more MK68451 MMUs, 
can provide address translation, separation, and write pro- 
tection for the system memory. The MMM can be program- 
med to cause an interrupt when a chosen section of 
memory is accessed, and can directly translate a logical 
address into a physical address, making it available to the 
MPU for use by the operating system. Using these fea- 
tures, the MMM can provide separation and security for 
user programs and allow the operating system to manage 
the memory in an efficient fashion for multitasking. 
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PIN ASSIGNMENT — | FUNCTIONAL DESCRIPTION 
Figure2 : _ 7 ee : a 
| ‘MEMORY SEGMENTS © 


64 PAD1 = The MMM partitions the logical address space into con- 








MK68000/ 
MK68010 
MPU 


PADO 1 
MAS 2 63 PAD2 — tiguous pieces called segments. Each segment is a sec- 
cee : = Bane __ tion of the logical address space of a task which is mapped 
WN 5 60 PADS via the MMM into the physical address space. Each task 
FAULT 6 59 PADG6 may have any number of segments. Segments may be 
IRQ 7 ‘58 PAD7 defined as user or supervisor, data-only or program-only, 
GND 8 57 —PAD8 or program and data. They may be accessed by only one 
= - he yee, ; task or shared between two or more tasks. In addition, any 
FCL ot 54  PADIO segment can be write protected to insure system integri- 
FCO 12 53. PADI ty. A fault (MK68000 bus error) is generated by the MMM 
AS 13 52 PAD12 if an undefined segment is accessed. 
RESET 14 51 PAD13 
DTACK 15 50 PAD14 
“16 46: “BADIE FUNCTION CODES AND ADDRESS SPACES 
roe bs gh fe Each bus master in the MK68000 family provides a func- 
GO 19 46 A21 tion code during each bus cycle to indicate the address 
ANY 20 45 A20 space to be used for that cycle. The address bus then 
ae a pe specifies a location within this address space for the opera- 
(03 42. ANT tion taking place during that bus cycle. 
CLOCK 24 41 GND 
Veg 25 40 A16 The function codes appear on the FCO-FC2 lines of the 
R/iW 26 39 A15 MK68000 and divide the memory references into two 
Hel . = pee logical address spaces—the supervisor and the user 
RS3 29 36 A12 spaces. Each of these is further divided into program and 
RS4 30 35 AIT data spaces. A separate address space is also provided 
RS5 31 34 A10 for internal CPU-related activities, such as interrupt 
A8 32 33 AS acknowledge, giving a total of five defined function codes. 
| The address space of the MK68000 is shown in Figure 4. 
ADDRESS SPACE OF MK68000 
Figure 4 
SIMPLIFIED BLOCK DIAGRAM OF SINGLE-MMU ePU cee tT ee issn USER ite 
SYSTEM 0 0 
Figure 3 
Function 
FCo-FC2 -—~ CO0® . 
A1-A23 KEP ; as FFFFFF FFFFFF 


In addition to the 3-bit function code provided by the 
MK68000, the MK68451 MMU also allows a fourth bit (FC3) 
which provides for the possibility of another bus master 
in the system. In this case, FC3 would be a function of 
bus grant acknowledge (BGACK) of the MK68000 to 
enable a second set of eight function codes. This raises 
the total number of possible function codes to 16. If there 
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is only one bus master (the MPU), the FC3 pin on the MMU 
should be tied low, and only eight address spaces can then 
be used. 


ADDRESS SPACE NUMBER 


Each task in a system has an address space comprised 
of all the segments defined for that task. This address 
space is assigned a number by programming all the 
address space number (ASN) fields in its descriptors with 
the same value. This value can be considered a task num- 
ber. The currently active task’s number is kept in the 
appropriate entry(s) in the address space table (AST). 


The AST is a set of MMU registers that defines which task’s 
segments are to be used in address translation for each 
cycle type (supervisor program, supervisor data, etc.). The 
AST contains an 8-bit entry for each possible function 
code. Each entry is assigned an ASN (task number) and 
this is used to select which descriptors may be used for 
translation. The logical address is then translated by one 
of these to produce the physical address. Figure 5 is a 
typical memory map of a task’s address space. 


MEMORY MAP OF TYPICAL TASK ADDRESS SPACE 
Figure 5 












CPU Program F Data ; 
ML 
WL 
FFFFFF FFFFFF 


WW) Task 01 Segment 


DESCRIPTORS 


Address translation is done using descriptors. A descrip- 
tor is a set of six registers (nine bytes) which describe a 
memory segment and how that segment is to be mapped 
to the physical addresses. Each descriptor contains base 
addresses for the logical address masks. The size of the 
segment is then defined by ‘‘don’t cares” in the masks. 
This method allows segment sizes from a minimum of 256 
bytes to a maximum of 16 megabytes in binary increments 
(i.e., powers of two). This also forces both logical and 
physical addresses of segment boundaries to lie on a seg- 
ment size boundary. That is, a segment can only start on 
an address which is a multiple of 2k. The segments can 
be defined in such a way to allow them to be logically or 
physically shared between tasks. Descriptor mapping is 
shown schematically in Figure 6. 


SCHEMATIC DIAGRAM OF DESCRIPTOR MAPPING 
Figure 6 
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TRANSLATION 


During normal translation, the MMU translates the logical 
address provided by the MK68000 to produce a physical 
address which is then presented to the memory array. This 
is accomplished by matching the logical address with the 
information in the descriptors and then mapping it into the 
physical address space. A block diagram of the MK68451 
is shown in Figure. 7 


Refer to Figure 3 for the following information. The logical 
address is composed of address lines A1-A23. The upper 
16 bits of this address (A8-A23) are translated by the MMU 
and mapped into a physical address (PA8-PA23). The lower 
seven bits of the logical address (A1-A7) bypass the MMU 
and become the low-order physical address bits (PA1-PA7). 
In addition, the data strobes (UDS and LDS) remain un- 
mapped to become the physical data strobes for a total 
of eight unmapped address lines. 


FUNCTIONAL BLOCK DIAGRAM 
Figure 7 
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Physical Address 


ORDERING INFORMATION 


Max Clock Temperature 
Part Number | Package Type Frequency Range 


MK68451N-8 Plastic 8.0 MHz 0° to 70°C 
MK68451N-10 Plastic 10.0 MHz 0° to 70°C 

















PACKAGE DESCRIPTION 
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‘ _____ 31 EQUAL SPACES __ 
AT .100 + .010 (T.N.A.) 





5. WHEN THE SOLDER LEAD FINISH IS SPECIFIED, THE 
MAXIMUM LIMIT SHALL BE INCREASED BY .003 IN. 

4, MEASURED FROM CENTERLINE TO CENTERLINE AT 
LEAD TIPS. | 

3. PACKAGE STANDOFF TO BE MEASURED PER JEDEC 
REQUIREMENTS. 

2. OVERALL LENGTH INCLUDES .010 IN. FLASH ON EITHER 
END OF THE PACKAGE. 

1. LEAD FINISH IS TO BE SPECIFIED ON THE DETAIL 
SPECIFICATION. 


NOTES; 
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MOSTEK 








PRELIMINARY 


MK68564 


SERIAL INPUT/OUTPUT CONTROLLER 











MICROCOMPUTER COMPONENTS 








FEATURES 


_] Compatible with MK68000 CPU 








Compatible with MK68000 Series DMA’s 





r 


|] Two independent, full-duplex channels 











[ ] Two independent baud rate generators 
e Crystal oscillator input 
e Single-phase TTL clock input 


|| Directly addressable registers (all control registers are 
read/write) 


| Data rate in synchronous or asynchronous modes 
¢ 0-1.25 M bits/second with 5.0 MHz system clock rate 


L} Self-test capability 


_] Receive data registers are quadruply buffered; trans- 
mit data registers are doubly buffered 





[_] Daisy-chain priority interrupt logic provides automat- 
ic interrupt vectoring without external logic 











Modem status can be monitored 
e Separate modem controls for each channel 














Asynchronous features 

e 5, 6, 7, or 8 bits/character 

1, 1%, or 2 stop bits 

Even, odd, or no parity 

x1, x16, x32, and x64 clock modes 

Break generation and detection 

Parity, overrun, and framing error detection 





|_| Byte synchronous features 
* Internal or external character synchronization 
e One or two sync characters in separate registers 
e Automatic sync character insertion 
¢ CRC-16 or CRC-CCITT block check generation and 
checking 


_| Bit synchronous features 
e Abort sequence generation and detection 
e Automatic zero insertion and deletion 
e Automatic flag insertion between messages 
e Address field recognition 
e |-field residue handling 
e Valid receive messages protected from overrun 
e CRC-CCITT block check generation and checking 
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MK68564 
Figure 1 





PIN DESCRIPTION 
Figure 2 


MK68564 
SIO 

















GENERAL Been 


The MK68564 SIO is a ‘ddakchannel Serial isonet 
put Controller, designed to satisfy a wide variety of serial 


data communications requirements in microcomputer 
systems. Its basic function is a serial-to-parallel, parallel- 
to-serial converter/controller; however, within that role, it 
is systems software configurable so that it may be op- 
timized for any given serial data communications 
application. 


The MK6a564 is capable of handling asynchronous pro- 
tocols, synchronous byte-oriented protocols (such as IBM 
Bisync), and synchronous bit-oriented protocols (such 
as HDLC and IBM SDLC). This versatile device can also 
be used to support virtually any serial protocol for 
applications other than data communications (cassette 
or floppy disk interface, for example). 


The MK68564 can generate and check CRC codes in 
any synchronous mode and may be programmed to 
check data integrity in various modes. The device also 
has facilities for modem controls in each channel. In 
applications where these controls are not needed, the 
modem controls may be used for general-purpose I/O. 


SIO PIN DESCRIPTION 


GND: ~ Ground. 

Vcc: +5 volts (+5%). 

CS: Input active low. CS is used to select the 

Chip Select MK68564 SIO for access to the inter- 
nal registers. CS and IACK must not be 
asserted at the same time. 

RW: Input. RIW is the signal from the bus 

Read/Write master, indicating whether the current 
bus cycle is a read (high) or write (low) 
cycle. 

DTACK: Output, active low, tri-stateable. DTIACK 


Data Transfer 
Acknowledge 


is used to signal the bus master that 
data is ready or that data has been 
accepted by the MK68564 SIO. 


A1-A5: 
Address Bus 


Inputs. The address bus is used to 
select one of the internal registers dur- 
ing a read or write cycle. 


DO-D7: Bidirectional, tri-stateable. The data bus 
Data Bus is used to transfer data to or from the 
internal registers during a read or write 
cycle. It is also used to pass a vector 
during an interrupt acknowledge cycle. 
CLK: Input. This input is used to provide the 
Clock internal timing for the MK68564 SIO. 


RESET 
Device Reset 


INTR 
Interrupt 
Request 


IACK 
Interrupt 
Acknowledge 


El 
Interrupt 
Enable In 


IEO 
Interrupt 
Enable Out 


XTAL1 
XTAL2 
Baud Rate 
Generator 
Inputs 


RxRDYA 


RxRDYB 


Receiver 
Ready 


TxRDYA 
TxRDYB 
Transmitter 
Ready 





CTSA 


CTSB 
Clear to 
Send 
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Input, active low. Reset disables both 
receivers and transmitters, forces TxDA 
and TxDB to a marking condition, forces 


~ the modem controls high, and disables 


all interrupts. With the exception of the 
status registers, data registers, and the 
vector register, all internal registers are 
cleared. The vector register is reset to 
“OFH”. 


Output, active low, open drain. INTR is 
asserted when the MK68564 SIO is 
requesting an interrupt. INTR is 
negated during an interrupt acknowl- 
edge cycle or by clearing the pending 
interrupt(s) through software. 


Input, active low. IACK is used to signal 
the MK68564 SIO that the CPU is 
acknowledging an interrupt. CS and 
IACK must not be asserted at the same 
time. If interrupts are not used then 
IACK should be pulled high. 


Input, active low. IEl is used to signal 
the MK68564 SIO that no higher priori- 
ty device is requesting interrupt service. 


Output, active low. IEO is used to signal 
lower priority peripherals that neither 
the MK68564 SIO nor another higher 
priority peripheral is requesting interrupt 
service. 


Inputs.A crystal may be connected bet- 
ween XTAL1 and XTAL2, or XTAL1 may 
be driven with a TTL level clock. When 
using a crystal, external capacitors must 
be connected. When driving XTAL1 with 
a TTL level clock, XTAL2 must be allow- 
ed to float. 


Outputs, active low. Programmable 
DMA _ output for the receiver. The 
RxRDY pins pulse low when a charac- 
ter is available in the receive buffer. 


Outputs, active low. Programmable 
DMA output for the transmitter. The 
TxRDY pins pulse low when the trans- 
mit buffer is empty. 


Inputs, active low. If Tx Auto Enables is 
selected, these inputs enable the 
transmitter of their respective channels. 
If Tx Auto Enables is not selected, these 
inputs may be used as general purpose 
input pins. The inputs are Schmitt- 
trigger buffered to allow slow rise-time 
input signals. 


DCDA 
DCDB 
Data Carrier 
Detect 


RxDA 
RxDB 
Receive Data 


TxDA 
TxDB 
Transmit 
Data 





RxCA 
RxCB 
Receiver 
Clocks 


TCA 
TkCB 
Transmitter 
Clocks 


RTSA 
RTSB 
Request to 
Send 





SYNCA 
SYNCB 
Synchroniz- 
ation 


Inputs, active low. If Rx Auto Enables 
is selected, these inputs enable the 
receiver of their respective channels. If 
Rx Auto Enable is not selected, these 
inputs may be used as general purpose 
input pins. The inputs are Schmitt-trig- 
ger buffered to allow slow rise-time 
input signals. 


Inputs, active high. Serial data input to 
the receiver. 


Outputs, active high. Serial data output 
of the transmitter. 


input/output. Programmable pin, 
receive clock input, or baud rate 
generator output. The inputs are 
Schmitt-trigger buffered to allow slow 
rise-time input signals. 


Input/output. Programmable pin, trans- 
mit clock input, or baud rate generator 
output. The inputs are Schmitt-trigger 
buffered to allow slow rise-time input 
signals. 


Outputs, active low. These outputs 
follow the inverted state programmed 
into the RTS bit. When the RTS bit is 
reset in the asynchronous mode, the 
output will not change until the charac- 
ter in the transmitter is completely 
shifted out. These pins may be used as 
general purpose outputs. 


Outputs, active low. These outputs 
follow the inverted state programmed 
into the DTR bit. These pins may also 
be used as general purpose outputs. 


Input/output, active low. The SYNC pin 
is an output when Monosync, Bisync, 
or SDLC mode is programmed. It is 
asserted when a sync/flag character is 
detected by the receiver. The SYNC pin 
is a general purpose input in the Asyn- 
chronous mode and an input to the 
receiver in the External Sync mode. 
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MK68564 ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bids... 0.00. ee ene een ene eet e eee —25°C to +100°C 
Storage Temperature.......... 0.0.00: eee eee eee 5 A cvend pak ans ee Sor eee -65°C to +150°C 
Voltage on Any Pin with Respect.to Ground.................. eR ae ee eee eee eer 1.73 Vto +7 V 
Power Dissipation...... Leeann fips Ges spe dgi ict area we ne Aa peg wae Gets a tae ....15. Watt 


“Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum: 
rating conditions for extended periods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS 
(Voc = 5.0 V + 5%, GND = 0 Vdc, T, = 0 to 70°C) 


CHARACTERISTIC | 
INPUT HIGH VOLTAGE ALL INPUTS 
INPUT LOW VOLTAGE ALL INPUTS [ Ve 
POWER SUPPLY CURRENT lie 
OUTPUTS OPEN 
INPUT LEAKAGE CURRENT (Vy = 0105.25) = Iy —| 
















GND -03 GND +08 







THREE-STATE (OFF STATE) INPUT CURRENT 
0<Vin<VogDIACK, DO-D7; SYNG, kG, RxC, 
INTR 


OUTPUT HIGH VOLTAGE 
(lLoap = —400 pA, Veg =MIN) DTACK, DO-D7 
(lLoap= —150pA, Veco =MIN) ALL OTHER _ 
OUTPUTS (EXCEPT XTAL2 & INTR)* 


OUTPUT LOW VOLTAGE —__ | 

(oan =53 MA, Vog=MIN) INTR, BTACK, DO-D7 

(ligan=24 MA, Vog=MIN) ALL OTHER 
OUTPUTS (EXCEPT XTAL2)* 












*XTAL2 SPECIAL 
INTR (OPEN DRAIN) 


CAPACITANCE 
T,=25°C, f=1 MHz unmeasured pins returned to ground. 


CHARACTERISTIC 
Input Capacitance CS, IACK Cry 
ALL OTHERS 


Tri-state Output Capacitance 


TEST 
UNIT CONDITION 
15 Unmeasured 
10 pins 
0 [ot | “oround” 


groun 
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AC ELECTRICAL CHARACTERISTICS 
(Veg =5.0 Vde+5%, GND=0 Vdc, T,=0 to 70°C) 


PARAMETER 
1 CLK Period 

CLK Width High 

3 | CLK Width Low 

4 CLK Fall Time 

5 CLK Rise Time 

CS Low to CLK High (Setup Time) 
A1-A5 Valid to CS Low (Setup Time 
DATA Valid to CS Low (Write Cycle) 
CS Width High 

DTACK Low to A1-A5 Invalid 


Cc 
= 
— 
4) 
6 
=| 
m 
” 


N 


S 
w 
3° ra) 
oS 
—_ —_ NO 
O/S/a 
al alo 
| @ 
O16 
nN 
2 
—_ 
Ria w}| w oS 
ao) o| 56 2 


—_— | — | GW 
>| f| @®d 
On; ao] © 


nN 
on 





ioe 
o 
a 
a 
3 
& 





11 


g 


ACK Low to DATA Invalid 
rite Cycle Hold Time) 


12 CS High to DTACK High (Delay) 
13 CLK High to DIACK Low 
14 R/W Valid to CS Low (Setup Time) 


15 DTACK Low to R/W Invalid 
(Hold Time) _ 


16 CLK Low to DATA Out 
17 CS High to DATA Out Invalid 


= 





= 
a 
a 
a 
3 
& 


ol 
>) 


18 | CS High to DIACK High Impedance 
19 DTACK Low to CS High 

20 DATA Valid to DTACK Low 

21 IACK Width High 


22 IACK Low to CLK High 
(Setup Time) 


23. ‘| CLK Low to INTR Disabled 
24 CLK Low to DATA Out 

25 DTACK Low to IACK , IE! High 
IACK High to DTACK High 


IACK High to DTACK High 
Impedance 


IACK High to DATA Out Invalid 
(Hold Time) 


DATA Valid to DIACK Low 
CLK Low to IEO Low 
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AC ELECTRICAL CHARACTERISTICS (Cont.) 
Voc =50 Vde+5%, GND=0 Vde, T,=0 to 70°C) 


~-_~ 


| 40MHz | 5SOMHz | 
NUMBER| PARAMETER eae | MIN: | MAX | 

[0 
80 
ood 


33 IACK dail to IEO EO ee 


acs 
i 
I ge 
eas 
RK lotto INTRO 
eee 
—_ 
—_ 


co 
ae 
[07 
[20 [00 

et 


Oo 


c 
z 
—] 
” 


N rs 4 
m 
” 


—_ 


90 


BEE. 
- 





ane 
reas [| as [aes 
axa ais OR weep 
IACK High to DATA Out High 
eerere ttt 
Pres 
Uishasledlcide 150 120 
Sor wCK Hehe CKiow [wo] [wm fw) 
HAY or ROY wan tw | fs | |e | | > [Klan 
CO a 
CC a 
saemer™|-[ [el [el [ele 
to IACK Low (not shown) 
Be 
CTS, DCD, SYNC Pulse Width Low| 200 | —|_ 200 | Ee 
eh 
a [BE wis tow a [0 | veo [oe | veo [oe [re | 
aR wen High (| woo [oe | veo | oe [eo | oc [nef 
20 [RC tow w 40 lay OH wos) |_| ooo | fom) aoo | me | 
si [FCiow wNTRLow ovey [Ss fe fs |e |e |e [BRT 
Pa eenay ete fete fete tm [ 
54 | AxC Width High | 180 | DC | 180 | DC | 180 | DC | ns | | 


RxD to RxC High Setup Time 
(X1 Mode) 
RxC High to RxD Hold Time 
(X1 ick <a 140 140 


a 


(Output Modes) 7 7 7 pebk 10 


| 200 | 
eee ee 
| 500 | 


oO 
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AC ELECTRICAL CHARACTERISTICS (Cont.) 
(Voc =5.0 Vdc+5%, GND=0 Vdc, T,=0 to 70°C) 


PARAMETER | MIN | 
RESET Low ia 


XTAL 1 Width High (TTL in) 145 

XTAL 1 Width Low (TTL in) 

XTAL 1 Period (TTL in) | 330 | 
330 





XTAL 1 Period (Crystal in) 


1. This specification only applies if the SIO has completed all operations ini- 
tiated by the previous bus cycle, when CS or IACK was asserted. Follow- 
ing a read, write, or interrupt acknowledge cycle, all operations are 
complete within two CLK cycles after the rising edge of CS or IACK. If 
CS or IACK is asserted prior to the completion of the internal operations, 
the new bus cycle will be postponed. 

2. If El meets the setup time to the falling edge of CLK, 11 cycles following 
the clocking in of IACK. 

3.No internal interrupt request pending at the start of an interrupt ac- 
knowledge cycle. 

4.Time starts when first signal goes invalid (high). 

5. If an internal interrupt is pending at the end of the interrupt acknowledge 
cycle. 


OUTPUT TEST LOAD 


10. 


11 


If Note 2 timing is not met. 
. If this spec is met, the delay listed in note 1 will be one CLK cycle instead 


of two. 


. Ready signals will be negated asynchionous to the CLK, if the condition 


causing the assertion of the signals is cleared. 


. If RxC and TC are 2 asynchronous to the System Clock, the maximum clock 


rate into RxC and TxC should be no more than one-fifth the System Clock 
rate. if RxC and TkC are synchronized to the falling edge of the System 
Clock, the maximum clock rate into RxC and TxC can be one-fourth the 
System Clock rate. 

SIO Clock (CLK) Cycles as defined in Parameter 1. 


. Due to the dynamic nature of the internal data bus, if CS is held low for 


more than a few hundred milliseconds the read data may go to 00H be- 
fore the end of the cycle. 


Figure 3 
+2.1 Vde 
for all outputs except DTACK, DO-D7, 
INTR, XTAL2 
R, C, = 130 pf 
IN4447 Ry = 16K 0 
OR EQUIVALENT R, = 450 2 


TEST 
POINT 


INTR TEST LOAD 
Figure 4 


INTR 


NOTE: 
XTAL2 output test load is a cyrstal. 





for DTACK, D0-D7 


Cy = 130 pf 
Re = 6K n 


+5 Vdc 


Ry = 740 9 
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READ CYCLE 
Figure 5 


CLK 


R/W 


A1-A5 


DO-D7 


DTACK 





NOTE: 
Waveform measurements for all inputs and outputs are specified at logic high 
= 2.0 volts, logic low = 08 volts. 


WRITE CYCLE 
Figure 6 


CLK 


cs 
04 Gs) 
R/W 
:) 
mas ‘ee 


D0-D7 


ia, 





DTACK 





NOTE: 
Waveform measurements for all inputs and outputs are specified at logic high 
= 2.0.volts, logic low = 0.8 volts. 


INTERRUPT ACKNOWLEDGE CYCLE (IEI LOW) 





Figure 7 
. aie : 
: oo 
G5) 
eee Oa 
pe 
TE 28) 
~ 3 we 
Cp G3) 
‘NOTE: 


Waveform measurements for all inputs and outputs are specified at logic high 
= 2.0 volts, logic low = 0.8 volts. 


INTERRUPT ACKNOWLEDGE CYCLE (iE! HIGH) 


Figure 8 
CLK 
61) 
——__———f 





J Tt 
ee ee er 
oe i 
0 oo TET 
a sai CoH 
DTACK fea | 
NEO) 


NOTE: 
Waveform measurements for all inputs and outputs are specified at logic high 
= 2.0 volts, logic low = 0.8 volts. 
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DMA INTERFACE TIMING 
Figure 9 





63 


XTAL1 





TTL IN CRYSTAL IN 


NOTE: 


Waveform measurements for all inputs and outputs are specified at logic high 
= 2.0 volts, logic low = 08 volts. 


SERIAL INTERFACE TIMING 
Figure 10 


CTs DCD 
SYNC 


TxC 


‘ 


&39 


TxD 


L @ 


RxC 


C 
taal 


o> 


Rxd 


69 
3 
™ = i 
SYNC 


NOTE: 


Waveform measurements for all inputs and outputs are specified at logic high 
= 2.0 volts, logic low = 08 volts. 
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MK68564 ORDERING INFORMATION 


PART NO. PACKAGE TYPE | MAX. CLOCK FREQUENCY TEMPERATURE RANGE 


0° to 70°C 
0° to 70°C 





MK68564 PLASTIC PIN PACKAGE DRAWING 


MILLIMETERS 


N SUFFIX 
PLASTIC PACKAGE 
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THOMSON MK68901 


















COMPONENTS 
et MULTI-FUNCTION PERIPHERAL 


MOSTEK Nifelstelexe) V0 nu =1- mere) |=x0)\ (2 BRS) 


FEATURES 


[] 8 Input/Output Pins 
e Individually programmable direction 
e Individual interrupt source capability 
- Programmable edge selection 


C] 16 Source interrupt controller 
e 8 Internal sources 
e 8 External sources 
e Individual source enable 
¢ Individual source masking 
e Programmable interrupt service modes 
- Polling 
- Vector generation 
- Optional In-service status 
e Daisy chaining capability 





(] Four timers with individually programmable pres- 

caling 
¢ Two multimode timers 

- Delay mode 

- Pulse width measurement mode 

- Event counter mode Figure 1. MK68901 
¢ Two delay mode timers 
e Independent clock input 
e Time out output option 


L] Single channel USART 
e Full Duplex 
e Asynchronous to 65 kbps 
e Byte synchronous to 1 Mbps 
e Internal/external baud rate generation 
¢ DMA handshake signals 
¢ Modem control 


e Loop back mode 
MK68901 


[} 68000 Bus compatible MFP 





(] 48 Pin DIP or 52 Pin PLCC 
INTRODUCTION 


The MK68901 MFP (Multi-Function Peripheral) is a com- 
bination of many of the necessary peripheral functions 
in a microprocessor system. Included are: 


Eight parallel I/O lines 





Interrupt controller for 16 sources 
Four timers 
Single channel full duplex USART 


Figure 2. Device Pinout 
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The use of the MFP in a system can significantly reduce 


chip count, thereby reducing system cost. The MFP is _ 
completely 68000 bus compatible, and 24 directly ad- 


dressable internal registers provide the necessary con- 
trol and status interface to the Prostaiimet: 


a MFP is a derivative of the. MK3801 STI, a Z80 fa- 


mily peripheral. 


PIN DESCRIPTION 


GND: 


Voc: 
CS: 


DTACK: 


A1-A5: 


DO-D7: 





Ground 
+5 volts (+ 5%) 


Chip Select (input, active low). CS is 
used to select the MK68901 MFP for ac- 
cesses to the internal registers. CS and 
IACK must not be asserted at the same 
time. 


DS: Data Strobe (input, active low.) DS is used 


as part of the chip select and interrupt ac- 
knowledge functions. 


: Read/Write (input). R/W is the signal from 


the bus master indicating whether the cur- 
rent bus cycle is a Read (High) or Write 
(Low) cycle. 


Data Transfer Acknowledge. (output, active 
low, tri-stateable). DTACK is used to signal 
the bus master that data is ready, or that 
data has been accepted by the MK68901 
MFP. 





Address Bus (inputs). The address bus is 
used to address one of the internal registers 
during a read or write cycle. 


Data Bus (bi-directional, tri-stateable). The 
data bus is used to receive data from or 
transmit data to one of the internal registers 
during a read or write cycle. It is also used 
to pass a vector during an interrupt ac- 
knowledge cycle. 


: Clock (input). This input is used to provide 


the internal timing for the MK68901 MFP. 


: Device reset. (input, active low). Reset 


disables the USART receiver and transmit- 
ter, stops all timers and forces the timer out- 
puts low, disables all interrupt channels and 
clears any pending interrupts. The General 
Purpose Interrupt/I/O lines will be placed in 
the tri-state input mode. All internal registers 
(except the timer, USART data registers, and 
transmit status register) will be cleared. 


: Interrupt Request (output, active low, open _ 
_ drain). INTR is asserted when the MK68901 
~MFP is requesting an interrupt. INTR is © 


negated during an interrupt acknowledge — 


_. cycle or by clearing the pending mntereupns) 
; through software. 


> 
~z 


Interrupt Acknowledge (input, active low). . 


IACK is used to signal the MK68901 MFP 
that the CPU is acknowledging an interrupt. . 
CS and IACK must not be asserted at the 
same time. 


: Interrupt Enable In (input, active low). IEI 


is used to signal the MK68901 MFP that no 
higher priority device is requesting interrupt 
service. 


IEO: Interrupt Enable Out (output, active low). 


10-17: 


SO: 


SI: 


RC: 


TC: 


IEO is used to signal lower priority peripher- 
als that neither the MK68901 MFP nor 
another higher priority peripheral is request- 
ing interrupt service. 


General Purpose Interrupt 1/O lines. These 
lines may be used as interrupt inputs and/or 
I/O lines. When used as interrupt inputs, 
their active edge is programmable. A data 
direction register is used to define which 
lines are to be Hi-Z inputs and which lines 
are to be push-pull TTL compatible outputs. 


Serial Output. This is the output of the 
USART transmitter. 


Serial Input. This is the input to the USART 
receiver. 


Receiver Clock. This input controls the seri- 
al bit rate of the USART receiver. 


Transmitter Clock. This input controls the 
serial bit rate of the USART transmitter. 


Receiver Ready. (output, active low) DMA 
output for receiver, which reflects the status 
of Buffer Full in port number 15. 


TR: Transmitter Ready. (output, active low) DMA 


TAO, TBO, 
TCO, TDO: 
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output for transmitter, which reflects the sta- 
tus of Buffer Empty in port number 16. 


Timer Outputs. Each of the four timers has 
an output which can produce a square 
wave. The output will change states each 
timer cycle; thus one full period of the timer 
out signal is equal to two timer cycles. TAO 
or TBO can be reset (logic “0”’) by a write 
to TACR, or TBCR respectively. 


XTAL1, Timer Clock inputs. A crystal can be con- 

XTAL2: nected between XTAL1 and XTAL2, or 
XTAL1 can be driven with a TTL level clock. 
When driving XTAL1 with a TTL level clock, 
XTAL2 must be allowed to float. When us- 
ing a crystal, external capacitors are re- 
quired. See Figure 33. All chip accesses are 
independent of the timer clock. 


TAI, TBI: Timer A, B inputs. Used when running the 
timers in the event count or the pulse width 
measurement mode. The interrupt channels 
associated with 14 and 13 are used for TAI 
and TBI, respectively. Thus, when running 
a timer in the pulse width measurement 
mode, 14 or 13 can be used for I/O only. 


INTERRUPTS 


The General Purpose |/O-Interrupt Port (GPIP) provides 
eight I/O lines that may be operated either as inputs 
or outputs under software control. In addition, each line 
may generate an interrupt in either a positive going 
edge or a negative going edge of the input signal. 


The GPIP has three associated registers. One allows 
the programmer to specify the Active Edge for each bit 
that will trigger an interrupt. Another register specifies 
the Data Direction (input or output) associated with each 
bit. The third register is the actual data I/O register used 
to input or output data to the port. These three registers 
are illustrated in Figure 5. 
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Address | Abbreviation | Register Name 

Port No. 
0 GPIP GENERAL PURPOSE 1/O 
AER ACTIVE EDGE REGISTER 
DDR DATA DIRECTION REGISTER 


INTERRUPT ENABLE REGISTER A 
INTERRUPT ENABLE REGISTER B 
INTERRUPT PENDING REGISTER A 
INTERRUPT PENDING REGISTER B 
INTERRUPT IN-SERVICE REGISTER A 
INTERRUPT IN-SERVICE REGISTER B 
INTERRUPT MASK REGISTER A 
INTERRUPT MASK REGISTER B 
VECTOR REGISTER 
























TIMER A CONTROL REGISTER 
TIMER B CONTROL REGISTER 

TIMERS C AND D CONTROL REGISTER 
TIMER A DATA REGISTER 
TIMER B DATA REGISTER 
TIMER C DATA REGISTER 
TIMER D DATA REGISTER 


= 
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SYNC CHARACTER REGISTER 
USART CONTROL REGISTER 

RECEIVER STATUS REGISTER 
TRANSMITTER STATUS REGISTER 
USART DATA REGISTER 


Figure 4. Register Map 
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Figure 3. MK68901 Block Diagram 
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The Active Edge Register (AER) allows each of the 
General Purpose Interrupts to provide an interrupt on 
either a 1-0 transition or a 0-1 transition. Writing a zero 
to the appropriate bit of the AER causes the associat- 
ed input to produce an interrupt on the 1-0 transition. 
The edge bit is simply one input to an exclusive-or gate, 
with the other input coming from the input buffer and 
the output going to a 1-0 transition detector. Thus, de- 
pending upon the state of the input, writing the AER 
can cause an interrupt-producing transition, which will 
Cause an interrupt on the associated channel, if that 
channel is enabled. One would then normally configure 
the AER before enabling interrupts via IERA and IERB. 
Note: changing the edge bit, with the interrupt enabled, 
may cause an interrupt on that channel. 


The Data Direction Register (DDR) is used to define 
10-17 as inputs or as outputs on a bit by bit basis. Writ- 
ing a zero into a bit of the DDR causes the correspond- 
ing Interrupt-I/O pin to be a Hi-Z input. Writing a one 
into a bit of the DDR causes the corresponding pin to 
be configured as a push-pull output. When data is writ- 
ten into the GPIP, those pins defined as inputs will re- 
main in the Hi-Z state while those pins defined as 
Outputs will assume the state (high or low) of their cor- 


ACTIVE 


responding bit in the GPIP. When the GPIP is read, the 
data read will come directly from the corresponding bit 
of the GPIP register for all pins defined as output, while 
the data read on all pins defined as inputs will come 
from the input buffers. 


Each individual function in the MK68901 is provided 
with a unique interrupt vector that is presented to the 
system during the interrupt acknowledge cycle. The in- 
terrupt vector returned during the interrupt acknowledge 
cycle is shown in Figure 6, while the vector register is 
shown in Figure 7. 


There are 16 vector addresses generated internally by 
the MK68901, one for each of the 16 interrupt channels. 


The Interrupt Control Registers (Figure 8) provide con- 
trol of interrupt processing for all I/O facilities of the 
MK68901. These registers allow the programmer to ena- 
ble or disable any or ail of the 16 interrupts, providing 
masking for any interrupt, and provide access to the 
pending and in-service status of the interrupt. Optional 
end-of-interrupt modes are available under software 
control. All the interrupts are prioritized as shown in 
Figure 9. 


EDGE REGISTER 


PORT 1 (AER) GPIP 1 = RISING 
7 0 = FALLING 


DATA DIRECTION REGISTER 


PORT 2 (DDR) 


GPIP 1 = OUTPUT 
7 O = INPUT 


GENERAL PURPOSE 1/0 DATA REGISTER 


GPIP 
nena 7 cdirdedicd eddies 


Figure 5. General Purpose Me) Registers 


7 6 5 Va 


IV; 





L—__________J 


Le 


MFP based upon the interrupting 


IV,-V, Vector bits 3-0 supplied by the 
channel. 
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Vy 4 most significant bits. Copied 
from the vector register. 


Figure 6. Interrupt Vector 
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Port B (VR) 





S = In-Service Register Enable 


Upper 4 bits of the Vector register. 
* = Unused bits: read as zeros Written into by the user. 


Figure 7. Vector Register 
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AODRESS 4 3 
PORT 3 HERA) 
PORT 4 . 
(IERB) 
4 3 2 
RTS S 
ss (IPRA) 
B TIMER | TIMER 
WRITING 0 = CLEAR 
WRITING 1 = UNCHANGED 
INTERRUPT IN-SERVICE REGISTERS 
7 6 5 4 3 2 1 ) 
A RCV XMIT 
pra GPIP TIMER | gutter | RCV | aia. | XMIT | TIMER 
(ISRA) 7 A Full Error | Empty | Error B 
B TIMER | TIMER 
INTERRUPT MASK REGISTERS 
7 6 5 4 3 2 1 0 
A RCV XMIT 
seer GPIP | GPIP | TIMER | fee | RCV | putter | MIT | TIMER 
(IMRA) 7 6 A Full Error | Empty Error B 
porta > TIMER | TIMER 
(IMRB) Cc D 


1= UNMASKED 0 = MASKED 


Figure 8. Interrupt Control Registers 
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[Priory Ehenel Description 


HIGHEST General Purpose Interrupt 7(I7) 
General Purpose Interrupt 6(16) 
Timer A 

Receive Buffer Full 

Receive Error 

Transmit Buffer Empty 
Transmit Error 

Timer B 

General Purpose Interrupt 5(15) 
General Purpose Interrupt 4(14) 
Timer C 

Timer D 

General Purpose Interrupt 3(13) 
General Purpose Interrupt 2(!2) 
General Purpose Interrupt 1(I1) 
General Purpose Interrupt 0(!0) 
























LOWEST | 0000 


Figure 9. Interrupt Control Register Definitions 


Interrupts may be either polled or vectored. Each chan- 
nel may be individual enabled or disabled by writing 
a one or a zero in the appropriate bit of Interrupt Ena- 
ble Registers (IERA, IERB - see Figure 8 for all registers 
in this section). When disabled, an interrupt channel 
is completely inactive. Any internal or external action 
which would normally produce an interrupt on that 
channel is ignored and any pending interrupt on that 
channel will be cleared by disabling that channel. Dis- 


abling an interrupt channel has no effect on the cor- - 


responding bit in Interrupt In-Service Registers (ISRA, 
ISRB); thus, if the In-service Registers are used and 
an interrupt is in service on that channel when the chan- 
nel is disabled, it will remain in service until cleared in 
the normal manner. IERA and IERB are also readable. 
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INTERRUPT 


When an interrupt is received on an enabled channel, 
its corresponding bit in the pending register will be set. 
When that channel is acknowledged it will pass its vec- 
tor, and the corresponding bit in the Interrupt Pending 
Register (IPRA or IPRB) will be cleared. IPRA and IPRB 
are readable; thus by polling IPRA and IPRB, it can be 
determined whether a channel has a pending interrupt. 
IPRA and IPRB are also writeable and a pending inter- 
rupt can be cleared without going through the ac- 
knowledge sequence by writing a zero to the 
appropriate bit. This allows any one bit to be cleared, 
without altering any other bits, simply by writing all ones 
except for the bit position to be cleared to IPRA or IPRB. 
Thus a fully polled interrupt scheme is possible. Note: 
writing a one to IPRA, IPRB has no effect on the inter- 
rupt pending register. 


The interrupt mask registers (IMRA and IMRB) may be 


~ used to block a channel from making an interrupt re- 


quest. Writing a zero into the corresponding bit of the 
mask register will still allow the channel to receive an 
interrupt and latch it into its pending bit (if that channel 
is enabled), but will prevent that channel from making 
an interrupt request. If that channel is causing an in- 
terrupt request at the time the corresponding bit in the 
mask register is cleared, the request will cease. If no 
other channel is making a request, INTR will go in- 
active. If the mask bit is re-enabled, any pending inter- 
rupt is now free to resume its request unless blocked 
by a higher priority request for service. [MRA and IMRB 
are also readable. A conceptual circuit of an interrupt 
channel is shown in Figure 10. 





There are two end-of-interrupt modes: the automatic 
end-of-interrupt mode and the software end-of-interrupt 
mode. The mode is selected by writing a one or a zero 
to the S bit of the Vector Register (VR). If the S bit of 
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INTERRUPT 
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PASS VECTOR 


Figure 10. A Conceptual Circuit of an Interrupt Channel 
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the VR is a one, all channels operate in the software 
end-of-interrupt mode. If the S bit is a zero, all chan- 
nels operate in the automatic end-of-interrupt mode, and 
a reset is held on all in-service bits. In the automatic 
end-of-interrupt mode, the pending bit is cleared when 
that channel passes its vector. At that point, no further 
history of that interrupt remains in the MK68901 MFP. 
In the software end-of-interrupt mode, the in-service bit 
is set and the pending bit is cleared when the channel 
passes its vector. With the in-service bit set, no lower 
priority channel is allowed to request an interrupt or to 
pass its vector during an acknowledge sequence; 
however, a lower priority channel may still receive an 
interrupt and latch it into the pending bit. A higher pri- 
ority channel may still request an interrupt and be ac- 
knowledged. The in-service bit of a particular channel 
may be cleared by writing a zero to the corresponding 
bit in ISRA or ISRB. Typically, this will be done at the 


EI 





FREEZE 
INTERRUPT CONTROL 









conclusion of the interrupt routine just before the return. 
Thus no lower priority channel will be allowed to request 
service until the higher priority channel is complete, 
while channels of still higher priority will be allowed to 
request service. While the in-service bit is set, a second 
interrupt on that channel may be received and latched 
into the pending bit, though no service request will be 
made in response to the second interrupt until the in- 
service bit is cleared. ISRA and ISRB may be read at 
any time. Only a zero may be written into any bit of ISRA 
and ISRB; thus the in-service bits may be cleared in 
software but cannot be set in software. This allows any 
one bit to be cleared, without altering any other bits, 
simply by writing all ones except for the bit position to 
be cleared to ISRA or ISRB, as with IPRA and IPRB. 


Each interrupt channel responds with a discrete 8-bit 
vector when acknowledged. The upper four bits of the 
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Figure 11a. A Conceptual Circuit of the MK68901 MFP Daisy Chaining 
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Figure 11b. Daisy Chaining 
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vector are set by writing the upper four bits of the VR. 
The four low order bits (Bit 3-Bit 0) are generated by 
the interrupting channel. 


To acknowledge an interrupt, [ACK goes low, the IE! 
input must go low (or be tied low) and the MK68901 
MFP must have an acknowledgeable interrupt pending. 
The Daisy Chaining capability (Figure 11) requires that 
all parts in a chain have a common IACK. When the 
common IACK goes low, all parts freeze and priortize 
interrupts in parallel. Then priority is passed down the 
chain, via IEI and IEO, until a part which has a pend- 
ing interrupt is reached. The part with the pending in- 
terrupt, passes a vector, does not propagate IEO, and 
generates DTACK. 








Figure 9 describes the 16 prioritized interrupt channels. 
As shown, General Purpose Interrupt 7 has the highest 
priority, while General Purpose Interrupt 0 is assigned 
the lowest priority. Each of these channels may be repri- 
oritized, in effect, by selectively masking interrupts un- 
der software control. The binary numbers under 
“channel” correspond to the modified bits IV3, IV2, V1, 
and IVO, respectively, of the Interrupt Vector for each 
channel (see Figure 6). 


Each channel has an enable bit contained in !ERA or 
IERB, a pending latch contained in IPRA or IPRB, a 
mask bit contained in IMRA or IMRB, and an in-service 
latch contained in ISRA or ISRB. Additionally, the eight 
General Purpose Interrupts each have an edge bit con- 
tained in the Active Edge Register (AER), a bit to de- 
fine the line as input or output contained in the Data 
Direction Register (DDR) and an I/O bit in the General 
Purpose Interrupt-l/O Port (GPIP). 






Port C (TACR) 





TIMER 
AC AC AC 
RESET 3 2 1 


TIMERS 


There are four timers on the MK68901 MFP. Two of the 
timers (Timer A and Timer B) are full function timers 
which can perform the basic delay function and can 
also perform event counting, pulse width measurement, 
and waveform generation. The other two timers (Timer 
C and Timer D) are delay timers only. One or both of 
these timers can be used to supply the baud rate clocks 
for the USART. All timers are prescaler/counter timers 
with a common independent clock input (XTAL1, 
XTAL2). In addition, all timers have a time-out output 
function that toggles each time the timer times out. 


The four timers are programmed via three Timer Con- 
trol Registers and four Timer Data Registers. Timers 
A and B are controlled by the control registers TACR 
and TBCR, respectively (see Figure 12), and by the data 
registers TADR and TBDR (Figure 13). Timers C and 
D are controlled by the control register TCDCR (see 
Figure 14) and two data registers TCDR and TDDR. Bits 
in the control registers allow the selection of operation- 
al mode, prescale, and control while the data registers 
are used to read the timer or write into the time cons- 
tant register. Timer A and B input pins, TAI and TBI, are 
used for the event and pulse width modes for timers 
A and B. 


With the timer stopped, no counting can occur. The 
timer contents will remain unaltered while the timer is 
stopped (unless reloaded by writing the Timer Data 
Register), but any residual count in the prescaler will 
be lost. 


In the delay mode, the prescaler is always active. A 
count pulse will be applied to the main timer unit each 








meownen [+ [= [al [ns 
RESET 2 
C; Cy C, Co 
0 O O- O Timer Stopped 
Oo O Oo 1 Delay Mode, : 4 Prescale 
0 O 1 O Delay Mode, : 10 Prescale 
Oo 60 1 1 Delay Mode, : 16 Prescale 
Oo 1 O O Delay Mode, : 50 Prescale 
Oo.86(1 0 1 Delay Mode, : 64 Prescale 
Oo 1 1 O Delay Mode, : 100 Prescale 
Oo 861 1 1 Delay Mode, : 200 Prescale 
1 #O O O Event Count Mode 
1 O O 1 Pulse Width Mode, | 4 Prescale 
1 #O 1 O Pulse Width Mode, : 10 Prescale 
1 oO 1 1 Pulse Width Mode, : 16 Prescale 
1 #1 O O Pulse Width Mode, : 50 Prescale 
1 1 0 1 Pulse Width Mode, : 64 Prescale 
1 #1 1 O Pulse Width Mode, : 100 Prescale 
1 #1 1 1 Pulse Width Mode, : 200 Prescale 


* Unused bits: read as zeros 


Figure 12. Timer A and B Control Registers 
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time the prescribed number of timer clock cycles has 
elapsed. Thus, if the prescaler is programmed to divide 
by ten, a count pulse will be applied to the main coun- 
ter every ten cycles of the timer clock. 


Each time a count pulse is applied to the main coun- 
ter, it will decrement its contents. The main counter is 
initially loaded by writing to the Timer Data Register. 
Each count pulse will cause the current count to decre- 
ment. When the timer has decremented down to ‘‘01”’, 
the next count pulse will not cause it to decrement to 
“00”. Instead, the next count pulse will cause the timer 
to be reloaded from the Timer Data Register. Addition- 
ally, a “Time out” pulse will be produced. This Time 
Out pulse is coupled to the timer interrupt channel, and, 
if that channel is enabled, an interrupt will be produced. 
The Time Out pulse is also coupled to the timer output 
pin and will cause the pin to change states. The output 
will remain in this new state until the next Time Out 
pulse occurs. Thus the output will complete one full cy- 
cle for each two Time Out pulses. 


If, for example, the prescaler were programmed to di- 
vide by ten, and the Timer Data Register were loaded 
with 100 (decimal), the main counter would decrement 
once for every ten cycles of the timer clock. A Time Out 
pulse will occur (hence an interrupt if that channel is 


enabled) every 1000 cycles of the timer clock, and the 
timer output will complete one full cycle every 2000 cy- 
cles of the timer clock. 


The main counter is an 8-bit binary down counter. It may 
be read at any time by reading the Timer Data Register. 
The information read is the information last clocked into 
the timer read register when the DS pin had last gone 
high prior to the current read cycle. When written, data 
is loaded into the Timer Data Register, and the main 
counter, if the timer is stopped. If the Timer Data 
Register is written while the timer is running, the new 
word is not loaded into the timer until it counts through 
H“‘01’. However, if the timer is written while it is count- 
ing through H“01”, an indeterminate value will be writ- 
ten into the timer constant register. This may be 
circumvented by ensuring that the data register is not 
written when the count is H“01”. 


If the main counter is loaded with “01”, a Time Out Pulse 
will occur every time the prescaler presents a count 
pulse to the main counter. If loaded with ‘00’, a Time 
Out pulse will occur every 256 count pulses. 


Changing the prescale value with the timer running can 
cause the first Time Out pulse to occur at an indeter- 
minate time, (no less than one nor more than 200 timer 
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Figure 13. Timer Data Registers (A, B, C, and D) 


0 O O 
0 oO 1 
Oo 1 0 
Oo 1 1 
1 #0 O 
1 O 1 
1 #1 0 
* Unused bits: read as zeros 1 #1 1 


Timer Stopped 

Delay Mode, ~ 4 Prescale 
Delay Mode, = 10 Prescale 
Delay Mode, = 16 Prescale 
Delay Mode, =~ 50 Prescale 
Delay Mode, + 64 Prescale 
Delay Mode, ~ 100 Prescale 
Delay Mode, = 200 Prescale 


Figure 14. Timer C and D Register 
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Figure 15. A Conceptual Circuit of the MFP Timers In the Pulse Width Measurement Mode 


clock cycles times the number in the time constant 
register), but subsequent Time Out pulses will then oc- 
Cur at the correct interval. 


In addition to the delay mode described above, Timers 
A and B can also function in the Pulse Width Measure- 
ment mode or in the Event Count mode. In either of 
these two modes, an auxiliary control signal is required. 
The auxiliary control input for Timer A is TAI, and for 
Timer B, TBI is used. The interrupt channels associat- 
ed with 14 and |3 are used for TAI and TBI, respective- 
ly, in Pulse Width mode. See Figure 15. 


The pulse width measurement mode functions much 
like the delay mode. However, in this mode, the aux- 
iliary control signal on TAI or TBI acts as an enable to 
the timer. When the control signal on TAI or TBI is in- 
active, the timer will be stopped. When it is active, the 
prescaler and main counter are allowed to run. Thus 
the width of the active pulse on TAI or TBI is determined 
by the number of timer counts which occur while the 
pulse allows the timer to run. The active state of the 
signal on TAI or TBI is dependent upon the associated 
Interrupt Channel’s edge bit (GPIP 4 for TAl and GPIP 
3 for TBI; see Active Edge Register in Figure 5.) If the 
edge bit associated with the TAI or TBI input is a one, 
it will be active high; thus the timer will be allowed to 
run when the input is at a high level. If the edge bit is 
a zero, the TAI or TBI input will be active low. As previ- 
ously stated, the interrupt channel (I3 or 14) associated 
with the input still functions when the timer is used in 


the pulse width measurement mode. However, if the — 


timer is programmed for the pulse width measurement 
mode, the interrupt caused by transitions on the as- 
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sociated TAI or TBI input will occur on the opposite tran- 
sition. 


For example, if the edge bit associated with the TAI in- 
put (AER-GPIP 4) is a one, an interrupt would normally 
be generated on the 0-1 transition of the 14 input sig- 
nal. If the timer asssociated with this input (Timer A) 
is placed in the pulse width measurement mode, the 
interrupt will occur on the 1-0 transition of the TAI sig- 
nal instead. Because the edge bit (AER-GPIP 4) is a 
one, Timer A will be allowed to count while the input 
is high. When the TAI input makes the high to low tran- 
sition, Timer A will stop, and it is at this point that the 
interrupt will occur (assuming that the channel is ena- 
bled). This allows the interrupt to signal the CPU that 
the pulse being measured has terminated; thus Timer 
A may now be read to determine the pulse width. (Again 
note that 13 and |4 may still be used for I/O when the 
timer is in the pulse width measurement mode.) If Timer 
A is reprogrammed for another mode, interrupts will 
again occur on the transition, as normally defined by 
the edge bit. Note that, like changing the edge bit, plac- 
ing the timer into or taking it out of the pulse width mode 
can produce a transition on the signal to the interrupt 
channel and may cause an interrupt. If measuring con- 
secutive pulses, it is obvious that one must read the 
contents of the timer and then reinitialize the main coun- 
ter by writing to the timer data register. If the timer data 
register is written while the pulse is going to the active 
state, the write operation may result in an indeterminate 
value being written into the main counter. If the timer 
is written after the pulse goes active, the timer counts 
from the previous contents, and when it counts through 
H“01”, the correct value is written into the timer. The 


pulse width then includes counts from before the timer 
was reloaded. 


In the event count mode, the prescaler is disabled. Each 
time the control input on TAI or TBI makes an active 
transition as defined by the associated Interrupt Chan- 
nel’s edge bit, a count pulse will be generated, and the 
main counter will decrement. In all other respects, the 
timer functions as previously described. Altering the 
edge bit while the timer is in the event count mode can 
produce a count pulse. The interrupt channel associat- 
ed with the input (I3 for 14 for TAI) is allowed to function 
normally. To count transitions reliably, the input must 
remain in each state (1/O) for a length of time equal to 
four periods of the timer clock; thus signals of a frequen- 
cy up to one fourth of the timer clock can be counted. 


The manner in which the timer output pins toggle states 
has previously been described. All timer outputs will be 
forced low by a device RESET. The output associated 
with Timers A and B will toggle on each Time Out pulse 
regardless of the mode the timers are programmed to. 
In addition, the outputs from Timers A and B can be 
forced low at any time by writing a “1” to the reset lo- 
cation in TACR and TBCR, respectively. The output will 
be forced to the low state during the WRITE operation, 
and at the conclusion of the operation, the output will 
again be free to toggle each time a Time Out pulse oc- 
curs. This feature will allow waveform generation. 


During reset, the Timer Data Registers and the main 
counters are not reset. Also, if using the reset option 
on Timers A or B, one must make sure to keep the other 


bits in the correct state so as not to affect the operation 
of Timers A and B. 


USART 


Serial Communication is provided by a full-duplex 
double-buffered USART, which is capable of either 
asynchronous or synchronous operation. Variable word 
length and start/stop bit configurations are available un- 
der software control for asynchronous operation. For 
synchronous operation, a Sync Word is provided to es- 
tablish synchronization during receive operations. The 
Sync Word will also be repeatedly transmitted when no 
other data is available for transmission. Moreover, the 
MK68901 allows stripping of all Sync Words received 
in synchronous operation. The handshake control lines 
RR (Receiver: Ready) and TR (Transmitter Ready) al- 
low DMA operation. Separate receive and transmit 
clocks are available, and separate receive and trans- 
mit status and data bytes allow independent operation 
of the transmit and receive sections. 


The USART is provided with three Control/Status 
Registers and a Data Register. The USART Data 
Register form is illustrated in Figure 16. The program- 
mer may specify operational parameters for the USART 
via the Control Register, as shown in Figure 17. Status 
of both the Receiver and Transmitter sections is ac: 
cessed by means of the two Status Registers, as shown 
in Figures 18 and 19. Data written to the Data Register 
is passed to the transmitter, while reading the Data 
Register will access data received by the USART. 


Figure 16. USART Data Register 
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* Unused bits; read as zero 
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Figure 17. USART Control Register (UCR) 


+16/+1: When this bit is zero, data will be clocked 
into and out of the receiver and transmit- 
ter at the frequency of their respective 
clocks. When this bit is loaded with a one, 


data will be clocked into and out of the 


receiver and transmitter at one sixteenth 
the frequency of their respective clocks. 
Additionally, when placed in the divide by 
sixteen mode, the receiver data transition 
resynchronization logic will be enabled. 


WLO-WL1: 


STO-ST1: 


PARITY: 


Port 15 
(RSR) 





BF: 


OE: 


Word Length Control. These two bits set 
the length of the data word (exclusive of 
start bits, stop bits, and parity bits as 
follows: 


WL1 WLO Word Length 
0. 0 8 bits 
0 1 7 bits 

1 0 6 bits 
1 1 5 bits 


Start/Stop bit control (format control). 
These two bits set the format as follows: 


ST1| STO | Start Bits | Stop Bits | Format 


0; 0 0 0 SYNC 

0; 1 1 1 ASYNC 
71] 0 1 1% ASYNC 
1|/ 1 1 2 ASYNC. 


+NOTE + 16 only 


Parity Enabled. When set (‘1’), parity will 
be checked by the receiver, parity will be 
calculated, and a parity bit will be insert- 
ed by the transmitter. When cleared (‘‘0”’), 
no parity check will be made and no pari- 
ty bit will be inserted for transmission. 


For a,word length of 8 the MFP calculates 
the parity and appends it when transmit- 
ting a sync character. For shorter lengths, 
the parity must be stored in the Sync 


RSR, RSR, 
BUFFER | OVERRUN | PARITY | FRAME | FOUND/SEARCH | MATCH/CHARACTER| SYNC STRIP | RECEIVER 
| FULL ERROR | ERROR | ERROR|OR BREAK DETECT| _IN PROGRESS ENABLE | ENABLE 


Character Register (SCR) along with the 
sync character. 


E/O: Even-Odd. When set (‘‘1’’), even parity will 
be used if parity is enabled. When cleared 
(“O’’), odd parity will be used if parity is 
enabled. 


Note that the synchronous or asynchronous format may 
be selected independently of a +1 or +16 clock. Thus 
it is possible to clock data synchronously into the device 
but still use start and stop bits. In this mode, all normal 
asynchronous format features still apply. Data will be 
shifted in after a start bit is encountered, and a stop bit 
will be checked to determine proper framing. If a trans- 
mit underrun condition occurs, the output will be placed 
in a marking state, etc. It is conversely possible to clock 
data in asynchronously using a synchronous format. 
There is data transition detection logic built into the 
receive clock circuitry which will re-synchronize the in- 
ternal shift clock on each data transition so that, with 
sufficiently frequent data transitions, start bits are not 
required. In this mode, all other common synchronous 
features function normally. This re-synchronization logic 
is only active in +16 clock mode. 


RECEIVER 


- The receiver section of the USART is configured by the 


UCR as previously described. The status of the receiver 
can be determined by reading and writing to the Receiver 
Status Register (RSR). The RSR is configured as follows: 





Figure 18. Receiver Status Register (RSR) 


Buffer Full. This bit is set when the incom- 
ing word is transferred to the receive buffer. 
The bit is cleared when the receive buffer 
is read by reading the UDR. This bit of the 
RSR is read only. 


Overrun Error. This flag is set if the incom- 
ing word is completely received and due 


to be transferred to the receive buffer, but 
the last word in the receive buffer has not 
yet been read. When this condition occurs, 
the word in the receive buffer is not over- 
written by the new word. Note that the sta- 
tus flags always reflect the status of the 
data word currently in the receive buffer. 
As such, the OE flag is not actually set until 
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PE: 


FE: 


F/S: 


M/CIP: 


the good word currently in the buffer has 
been read. The interrupt associated with 
this error will also not be generated until 
the old word in the receive buffer has been 
read. 


OE flag is cleared by reading the receiver 
status register, and new data words can- 
not be shifted to the receive buffer until this 
is done. 


Parity Error. This flag is set if the word 
received has a parity error. The flag is set 
when the received word is transferred from 
the shift register to the receive buffer if the 
error condition exists. The flag is cleared 
when the next word which does not have 
a parity error is transferred to the receive 
buffer. 


Frame Error. This flag only applies to the 
asynchronous format. A frame error is de- 
fined as a non-zero data word which is not 
followed by a stop bit. Like the PE flag, the 
FE flag is set or cleared when a word is 
transferred to the receive buffer. 


Found/Search. This combination control 
bit and flag bit is only used with the syn- 
chronous format. It can be set or cleared 
by writing to this bit of the RSR. When this 
bit is cleared, the receiver is placed in the 
search mode. In this mode, a bit by bit 
comparison of the incoming data to the 
character in the Sync Character Register 
(SCR) is made. The word length counter 
is disabled. When a match is found, this 
bit will be set automatically, and the word 
length counter will start as sync has not 
been achieved. An interrupt will be gener- 
ated on the receive error channel when the 
match occurs. The word just shifted in will, 
of necessity, be equal to the sync charac- 
ter, and it will not be transferred to the 
receive buffer. 


Break. This flag is used only when the 
asynchronous format is selected. This flag 
will be set when an all zero data word, fol- 
lowed by no stop bit, is received. The flag 
will stay set until both a non-zero bit is 
received and the RSR has been read at 
least once since the flag was set. Break in- 
dication will not occur if the receive buffer 
is full. 


Match/Character in Progress. If the syn- 
chronous format is selected, this flag is the 
Match flag. It will be set each time the word 
transferred to the receive buffer matches 


4-41 


the sync character. It will be reset each 
time. the word transferred to the receive 
buffer does not match the sync character. 
If the asynchronous format !s selected, this 
flag represents Character in Progress. It 
will be set upon a start bit detect and 
cleared at the end of the word. 


SS: Sync Strip Enable. If this bit is set to a one, 
data words that match the sync character 
will not be loaded into the receive buffer, 
and no buffer full signal will be generated. 

RE: Receiver Enable. This control bit is used 


to enable or disable the receiver. If a zero 
is written to this bit of the RSR, the receiver 
will turn off immediately. All flags includ- 
ing the F/S bit will be cleared. If a one is 
written to this bit, normal receiver opera- 
tion is enabled. The receive clock has to 
be running before the receiver is enabled. 


There are two interrupt channels associated with the 
receiver. One channel is used for the normal Buffer Full 
condition, while the other channel is used whenever an 
error condition occurs. Only one interrupt is generated 
per word received, but dedicating two channels allows 
separate vectors: one for the normal condition, and one 
for an error condition. If the error channel is disabled, 


an interrupt will be generated via the Buffer Full Chain 


nel, whether the word received is normal or in error 
Those conditions which produce an interrupt via the or 
ror channel are: Overrun, Parity Error, Frame ¢ rror, 
Sync Found, and Break. If a received word has an er- 
ror associated with it, and the error interrupt channe! 
is enabled, an interrupt will occur on the error channel 
only. 


Each time a word is transferred into the receive buffer, 
a corresponding set of flags is latched into the RSR. 
No flags (except CIP) are allowed to change until the 
data word has been read from the receive buffer. Read- 
ing the receive buffer allows a new data word to be 
transferred to the receive buffer when it is received. 
Thus one should first read the RSR then read the 
receive buffer (UDR) to ensure that the flags just read 
match the data word just read. If done in the reverse 
order, it is possible that subsequent to reading the data 
word from the receive buffer, but prior to reading the 
RSR, a new word may be received and transferred to 
the receive buffer and, with it, its associated flags 
latched into the RSR. Thus, when the RSR is read, 
those flags may actually correspond to a different data 
word. It is good practice, also to read the RSR prior to 
a data read as, when an overrun error occurs, the 
receiver will not assemble new characters until the RSR 
has been read. 


As previously stated, when overrun occurs, the OE flag 
will not be set and the associated interrupt will not be 


generated until the receive buffer has been read. If a 
break occurs, and the receive buffer has not yet been 
read, only the B flag will be set (OE will not be set). 
Again, this flag will not be set until the last valid word 
has been read from the receive buffer. If the break con- 
dition ends and another whole data word is received 
before the receive buffer is.read, both the B and OE 
flags will be set once the receive buffer is read. 


If a break occurs while the OE flag is set, the B flag 
will also be set. 


A break generates an interrupt when the condition oc- 
curs and again when the condition ends. If the break 
condition ends before it is acknowledged by reading the 
RSR, the receiver error interrupt indicating end of break 
will be generated once the RSR is read. 


Anytime the asynchronous format is selected, start bit 
detection is enabled. New data is not shifted into the 
shift register until a zero bit is detected. If a +16 clock 


is selected, along with the asynchronous format, false 
start bit detection is also enabled. Any transition has 
to be stable for 3 positive going edges of the receive 
clock to be called a valid transition. For a start bit to 
be good, a valid 0-1 transition must not occur for 8 posi- 
tive clock transitions after the initial valid 1-0 transition. 


After a good start bit has been detected, valid transi- 
tions in the data are checked for continously. When a 
valid transition is detected, the counter is forced to state 
zero, and no more transition checking is started until 
state four. At state eight, the ‘previous state” of the tran- 
sition checking logic is clocked into the receiver. 


As a result of this resynchronization logic, it is possible 
to run with asynchronous clocks without start and stop 
bits if there are sufficient valid transitions in the data 
stream. This logic also makes the unit more tolerant of 
clock skew for normal asynchronous communications 
than a device which employs only start bit synchroni- 
zation. 


TSR, TSR, 
BUFFER | UNDERRUN AUTO END OF eiike Low | TRANSMITTER 
Port 16 (TSR) | empty ERROR | TURNAROUND | TRANSMISSION- ENABLE 


Figure 19. Transmitter Status Register (TSR) 


TRANSMITTER 


The transmitter section of the USART is configured as 
to format, word length, etc. by the UCR, as previously 
described. The status of the transmitter can be deter- 
mined by reading or writing the Transmitter Status 
Register (TSR). The TSR is configured as follows: 


BE: Buffer Empty. This status bit is set when 
the word in the transmit buffer is trans- 
ferred to the output shift register and thus 
the transmit buffer may be reloaded with 
the next data word. The flag is cleared 
when the transmit buffer is reloaded. The 
transmit buffer is loaded by writing to the 
UDR. 


UE: This bit is set when the last word has been 
shifted out of the transmit shift register be- 
fore a new word has been loaded into the 
transmit buffer. It is not necessary to clear 
this bit before loading the UDR. 


This bit may be cleared by either reading 
the TSR or by disabling the transmitter. Af- 
ter the setting of the UE bit, one full trans- 
mitter clock cycle is required before this bit 
can be cleared by a read. The timing in 
some systems may allow a read of the TSR 


before the required clock cycle has been 
completed. This would result in the UE bit 
not being cleared until the following read. 
To avoid this problem, a dummy read of the 
TSR should be performed at the end of the 
UE service routine. 


Only one underrun error may be generat- 
ed between loads of the UDR regardless 
of the number of transmitter clock cycles 
between UDR loads. 


AT: This bit causes the receiver to be enabled 
at the end of the transmission of the last 
word in the transmitter if the transmitter 
has been disabled. 


END: End of Transmission. When the transmit- 
ter is turned off with a character still in the 
output shift register, transmission will con- 
tinue until that character is shifted out. 
Once it has cleared the output register, the 
END bit will be set. If no character is be- 
ing transmitted when the transmitter is dis- 
abled, the transmitter will stop at the next 
rising edge of the internal shift clock, and 
END will immediately be set. The END bit 
is cleared by re-enabling the transmitter. 
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XE: 


Break. This control bit will cause a break 
to be transmitted. When a ‘1” is written to 
the B bit of the TSR, a break will be trans- 
mitted upon completion of the character (if 
any) currently being transmitted. A break 
will continue to be transmitted until the B 
bit is cleared by writing a “0” to this bit of 
the TSR. At that time, normal transmission 
will resume. The B bit has no function in 
the synchronous format. Setting the ‘‘B” 
bit to a one keeps the “BE” bit from being 
set to a one. So, if there were a word in the 
buffer at the start of break, it would remain 
there until the end of break, at which time 
it would be transmitted (if the transmitter 
is still enabled). If the buffer were not full 
at the start of break, it could be written at 
any time during the break. If the buffer is 
empty at the end of break, the underrun 
flag will be set (unless the transmitter is 
disabled). 


The BREAK bit cannot be set until the 
transmitter has been enabled and the 


transmitter has had sufficient time (one 
clock cycle) to perform the internal reset 
and initialization functions. 


H,L: High and Low. These two control bits are 
used to configure the transmitter output, 
when the transmitter is disabled, as 


follows: 

H L Output State 

0 0 Hi-Z 

0 1 Low (‘'0’’) 

1 0 High 

1 1 Loop-Connects transmitter 


output to receiver input, 
and TC to Receiver Clock 
(RC and SI are not used; 
they are bypassed internal- 
ly). In loop back mode, 
transmitter output goes 
high when disabled. 


Figure 20. SYNC Character Register 


Altering these two bits after Transmitter 
Enable (XE) is set will alter the output state 
until END is false. These bits should be set 
prior to enabling the transmitter. The state 
of these bits determine the state of the first 
transmitted character after the transmitter 
is enabled. If the high impedance mode 
was selected prior to the transmitter being 
enabled, the first bit transmitted is indeter- 
minate. 


Transmitter Enable. This control bit is used 
to enable or disable the transmitter. When 
set, the transmitter is enabled. When 
cleared, the transmitter will be disabled. If 
disabled, any word currently in the output 
register will continue to be transmitted un- 
til finished. If a break is being transmitted 
when XE is cleared, the transmitter will 
turn off at the end of the break character 
boundary, and no end of break stop bit is 
transmitted. The transmit clock must be 
running before the transmitter is enabled. 
A “one” bit always precedes the first word 
out of the transmitter after the transmitter 
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is enabled. There is a delay between the 
time the transmitter enable bit is written 
and when the transmitter reset goes low; 
therefore, the H & L bits should be written 
with the desired state prior to enabling the 
transmitter. 


Like the receiver section, there are two separate inter- 
rupt channels associated with the transmitter. The buffer 
Empty condition causes an interrupt via one channel, 
while the Underrun and END conditions will cause an 
interrupt via the second channel. When underrun oc- 
curs in the synchronous format, the character in the 
SCR will be transmitted until a new word is loaded into 
the transmit buffer. In the asynchronous format, a 
“Mark” will be continuously transmitted when under- 
run occurs. 


The transmit buffer can be loaded prior to enabling the 


transmitter. When the transmitter is disabled, any charac- 


ter currently in the process of being transmitted will con- 
tinue to conclusion, but any character in the transmit 
buffer will not be transmitted and will remain in the 
buffer. Thus no buffer empty interrupt will occur nor will 
the BE flag be set. If the buffer were already empty, the 


BE flag would be set and would remain set. When the 
transmitter is disabled with a character in the output 
register but with no character in the transmit buffer, an 
Underrun Error will not occur when the character in 
progress concludes. 


Often it is necessary to send a break for some particu- 
lar period. To aid in timing a break transmission, a trans- 
mit error interrupt will be generated at every normal 
character boundary time during a break transmission. 
The status register information is unaffected by this er- 
ror condition interrupt. It should be noted that an un- 
derrun error, if present, must be cleared from the TSR, 
and the interrupt pending register must be cleared of 
pending transmitter errors at the beginning of the break 
transmission or no interrupts will be generated at the 
character boundary time. 


If the synchronous format is selected, the sync charac- 
ter should be loaded into the Sync Character Register 
(SCR) as shown in Figure 20. This character is com- 
pared to the received serial data during a Search, and 
will be continuously transmitted during an underrun 
condition. 


All flags in the RSR or TSR will continue to function as 
described whether their associated interrupt channel 
is disabled or enabled. All interrupt channels are edge 
triggered and, in many cases, it is the actual output of 
a flag bit or flag bits which is coupled to the interrupt 
channel. Thus, if a normal interrupt producing condi- 
tion occurs while the interrupt channel is disabled, no 
interrupt would be produced even if the channel was 
subsequently enabled, because a transition did not oc- 
cur while the interrupt channel was enabled. That par- 
ticular flag bit would have to occur a second time before 
another “edge” was produced, causing an interrupt to 
be generated. 


Error conditions in the USART are determined by 
monitoring the Receive Status Register and the Trans- 
mitter Status Register. These error conditions are only 
valid for each word boundary and are not latched. When 
executing block transfers of data, it is necessary to save 
any errors so that they can be checked at the end of 
a block. In order to save error conditions during data 
transfer, the MK68901 MFP interrupt controller may be 
used by enabling error interrupts for the desired chan- 
nel (Receive error or Transmit error) and by masking 
these bits off. Once the transfer is complete, the Inter- 
rupt Pending Register can be polled, to determine the 
presence of a pending error interrupt, and therefore an 
error. 


Unused bits in the sync character register are zeroed 


out; therefore, word length should be set up prior to writ- 
ing the sync word in some cases. Sync word length is 
the word length plus one when parity is enabled. The 
user has to determine the parity of the sync word when 
the word length is not 8 bits. The MK68901 MFP does 
not add a parity bit to the sync word if the word length 
is less than 8 bits. The extra bit in the sync word is trans- 
mitted as the parity bit. With a word length of eight, and 
parity selected, the parity bit for the sync word is com- 
puted and added on by the MK68901 MFP. 


RR RECEIVER READY 


RR is asserted when the Buffer Full bit is set in the 
RSR unless a parity error or frame error is detected by 
the receiver. 


TR TRANSMITTER READY 


TR is asserted when the Buffer Empty bit is set in the 
TSR unless a break is currently being transmitted. 


REGISTER ACCESSES 


All register accesses are dependent on CLK as shown 
in the timing diagrams. To read a register, CS and DS 
must be asserted, and R/W must be high. The internal 
read control signal is essentially the combination of CS, 
DS, and RD/WR. Thus, the read operation will begin 
when C5 and DS go active and will end when either 
CS or DS goes inactive. The address bus must be 
stable prior to the start of the operation and must re- 
main stable until the end of the operation. Unless a read 
operation or interrupt acknowledge cycle is in progress 
the data bus (Dp-D7) will remain in the tri-state con- 
dition. 


To write a register, CS and DS must be asserted and 
R/W must be low. The address must be stable prior to 
the start of the operation and must remain stable until 
the end of the operation. After the MK68901 asserts 
DTACK, the CPU negates DS. At this time, the MFP 
latches the data bus and writes the contents into the 
appropriate register. Also when DS is negated, the 
MFP rescinds DTACK. 








For an interrupt acknowledge, the operation starts when 
IACK goes low, and ends when IACK goes high. The 
data bus is tri-stated when either IACK or DS goes high. 








When CS or IACK are asserted the MFP starts an 
internal cycle. DS is needed to enable the address 
and data buffers. It is recommended that CS and IACK 
be gated by DS so that DS is always present whenever 
an MFP bus cycle starts. 
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MK68901 ELECTRICAL SPECIFICATIONS - PRELIMINARY 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias. :o325.0 0 paee wee oon COtS bap hae SAG eke 5 aoe see —25°C to +100°C 
Slorage: lemperature: cc ene at ee es ee REO R Ee cow ree Oe aN Reema os —65°C to +150°C 
Voltage on Any Pin with Respect to Ground ........... 2.0... eee -0.3 V to +7 V 
POWEr DISSIDANON: ccs tai tris cee Oke an eaten etka @euiw daa Woe, ee tae het oe ee SS Sa he pe 1.5 W 


Stresses above those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect reliability. 


D.C. CHARACTERISTICS 
Ta = 0°C to 70°C; Veg = +5 V + 5% unless otherwise specified. 


PARAMETER 


ox ie 
Fox [ ou Hoh ins oa OR 
"You Ouput tow Wotage (exces TACK) 
es 
cae 
















Power Supply Current 

Input Leakage Current 
Tri-State Output Leakage Current in Float 
Tri-State Output Leakage Current in Float 


Hon DTACK output source current 


DTACK output sink current 
All voltages are referenced to ground 


Outputs Open 
eos = 2.4 to Voc 














CAPACITANCE 
Ta = 25°C, f = 1 MHz unmeasured pins returned to ground. 


PARAMETER 










TEST 
UNIT CONDITION 












Input Capacitance ae. Unmeasured 
Tri-state Output Capacitance 10 pins 
J returned to 
ground 
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AC ELECTRICAL CHARACTERISTICS (Voc = 5.0 Vde + 5%, GND = 0 Vde, T, = 0°C to 70°C) | 7 


HARACTERISTIC | MIN | MAX | | MAX | UNIT NOTE 

SBS wih Heh lie ae RE 

IW, A1-A5 Valid to falling CS (Setup) fof [of |ns] 222 | | 
za 


ata Valid Prior to Falling CLK 


280 | ns Raed 
, IACK Valid to Falling Clock (Setup) _ /50] | 45 | | ns | 2424 | 3 | 
a 2122 | | 












Diao 


| 


a 
92) 





LK Low to DTACK Low 


, DS or IACK High to DTACK Tri-state —_ 
BTACK Low to Data Invalid (Hold Time) PO] Ons | eee 
S, DS or IACK High to Data Tri-state | | 60 | =| 50 | ns | 21,2324 | | 
S or DS High to R/W, At-A5 Invalid (Hold Time) | 0 | | 0 | |.ns | 2122 | | 
ata Valid from CS Low | [310] | 260] ns | 21 | 36 | 
| Read Data Valid to DTACK Low (Setup Time) }s0 | | 50]; |ns| a [| 
BTACK Low to DS, CS or IACK High (Hold Time) cal sl 

ow wo taling OK ete) —_—_ reo [fe | ne [ane | 
: 


IEO Invalid from IACK High (Delay) 
DTACK Low from Clock High (Delay) 
D 
Clock Cycle Time —_ ) ) 
; 
Receiver Ready Delay from Rising RC 
29 Transmitter Ready Delay from Rising TC 


Timer Output Low from Rising Edge of CS or DS 
(A & B) (Reset Toyz) 


ae Tout Valid from Internal Timeout 


oO 


&l & 
Bll Bl 


G 
> 


: 


Vio 

























anil, oi, 
ke 
—_ 
Oo | 
o 
N 
—_ 


—_ 


nN 
nN 
© 
— 
3I}3 
A 4 


oar 

= 

Oo 
— 
So 
(oo) 
So 


a] 










— 
Oo 
© 
ls 
N 


ao 
la Kill Meal 


Timer Clock Low Time 
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AC ELECTRICAL CHARACTERISTICS (Continued) (Voc = 5.0 Vdc + 5%, GND = 0 Vdc, Ty = 0°C to 70°C) 


MK68901-0 | MK68901-5 








CHARACTERISTIC 
Timer Clock High Time 


Ww 


ra 
= 


Cc 
o'ls > > 
a ” ” sd 
nN 
E 


dk 
fo] 
oO 
o 


Timer Clock Cycle Time 
ESET Low Time 


elay to Falling INTR from External 
Interrupt Active Transition 





BS) 


1 ¢) 
© 
Oo 


N 


Transmitter Internal Interrupt Delay from Falling 
Edge of TC 


Receiver Buffer Full Interrupt Transition Delay 
from Rising Edge of RC 


fee) 
fee] 
oO 
(o>) 
© 
oO 
oO 


© 
fo) 
foo) 





Receiver Error Interrupt Transition Delay from 
Falling Edge of RC 


Serial In Set Up Time to Rising Edge of RC 
(Divide by one only) 






BAS 


w {o> QD! QO)! @!] @ 
oO; a; & 
Oo 


G 


on 
oi 
oO 
~ a 
on 
on 
=) 


(oe) 
Nm 
oO 


41 Data Hold Time from rising edge of RC 
(Divide by one only) 


2 Serial Output Data Valid from Falling Edge 


of TC (+1) 
3 | Transmitter Clock Low Time 
44 
45 
46 


47 Receiver Clock High Time 


ae 


Transmitter Clock High Time 





Transmitter Clock Cycle Time 


Receiver Clock Low Time 





Receiver Clock Cycle Time 
CS, IACK, DS Width Low 


Serial Output Data Valid from Falling 
Edge of TC (+16) 
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> © 
> Oo 
Oo oO 
pS 
NR 
(>) 


BSS 
fe) 
oS 
w@ 
3 


~~ = 
= r=) 


oO 
Oo 








NOTES: 5. CS is latched internally, therefore if spec's 1 and 24 are met then CS may 
1. IEO only goes low if no acknowledgeable interrupt is pending. If 1EO goes be reasserted before the rising clock and still terminate the current bus cy- 
low, DTACK and the data bus remain tri-stated. cle. The new bus cycle will be delayed by the MK68901 until all appropriate 
2. TCLK refers to the clock applied to the MFP CLK input pin. tc_ refers to internal operations have completed. 
the timer clock signal, regardless of whether that signal comes from the XTAL 6. Although CS and DTACK are synchronized with the clock, the data out during 
WXTAL2 crystal clock inputs or the TAI or TBI timer inputs. a read cycle is asynchronous to the clock, relying only on CS for timing. 
3. If the setup time is not met, CS or IACK will not be recognized until the 7. Spec. 30 applies to timer outputs TAO and TBO only. 


next falling CLK. 

4. If this setup time is met (for consecutive cycles), the minimum hold-off time 
of one clock cycle will be obtained. If not met, the hold-off will be two clock 
cycles. 
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TIMER A.C. CHARACTERISTICS 

Definitions: 

Error = Indicated Time Value - Actual Time Value 
tpsc = to, «x Prescale Value 


Internal Timer Mode 


Single Interval Error (free running) (Note 2)... 0.0.0... ete eee eens +100 ns 
Cumulative: Internal Error as ees vad ek eo sass BOOK out Estas bu knee ed back the anne tacts 0 
Error Between Iwo: Timer Reads 30%. 60:0 vn Seen ond ede Boe oo ERE ENED OREN eas +(tpsc + 4 toy) 
Start Timer to Stop Timer Error ............. 00.00.00 +(2 tor. + 100 ns) to — (tpsc + 6to;,~. + 100 ns) 
Start Timer to Read Timer Error... 0.0.0.0... 0... cece ees +0 to — (tpsc + 6to.,. + 400 ns) 
Start Timer to Interrupt Request Error (Note 3) ......... 0.0.0.2 ee eee eee. —2 tox to — (4te_~ + 800 ns) 
Pulse Width Measurement Mode 

Measurement Accuracy (Note 1).......... 0... ccc cece eee een ees +2 toi, to — (tpsc + 4toyx) 
Minimum: Pulse WIGUN 6s.ic be Sass dhe gah Sade s dh kee ee POs OU ewe eee hawk Se aad tnd S-8 ote -aecloe 4toLk 
Event Counter Mode 

Minimum Active Time of TAI, TBI ssc ccik se ek ctris wen et eines bend bade Se eb we Eee we ane ete 4toik 
Minimum Inactive Time:.of TAL, TBY 2.05 <.cccaka awe nuteee te he ete ewe vee weer ede aes 4toiKk 


NOTES: 

1. Error may be cumulative if repetitively performed. 

2. Error with respect to Tour or INT if note 3 is true. 

3. Assuming it is possible for the timer to make an interrupt request immediately. 
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Figure 21. Read Cycle 


e4) 


cI V7 
fel 
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DTACK SF 


CS and IACK must be a function of DS. 


A1 - AS ( 


Figure 22. Write Cycle 
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~~ 
+@- Ss | | ® 


iEO \ 


: | Lg 
DTACK 


Figure 23. Interrupt Acknowledge (IEI Low) 





NOTE: __ = 
CS and !ACK must be a function of DS. 


Figure 24. Interrupt Acknowledge Cycle (iE! High) 
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INTR 





NOTE: Active edge is assumed to be the rising edge. 


Figure 25. Interrupt Timing 


CS/DS 


17-10 ( 


Figure 26. Port Timing 
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RC 


INTR 


INTR 


si 
(DIVIDE 
BY ONE 
MODE ONLY) 





Tc 





Figure 28. Transmitter Timing 
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at 
XTAL1/XTAL2 ~~ + % _ 


CS/DS/IACK 


INTERNAL TIMEOUT 
TAO/TBO/TCO/TDO 
Figure 29. Timer Timing 
RESET 


Figure 30. Reset Timing 
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+2.1 Vde 


IN4447 
OR EQUIVALENT 


TEST 
POINT 





for all outputs except DTACK 
C, = 100 pf 
R, = 20k 0 
R, = 1809 


tor DTACK 


C, = 130 pf 
R,=6k0 
R, 24700 


Figure 31. Typical Output 


R, =2.26k 0 


TR 
| C, = 100 pf 
Figure 32. INTR Test Load 
30 pf 
r= XTAL1 
Y, = MK68901 
sg ae 
+. 30 pf 
CRYSTAL PARAMETERS: 


Parallel resonance, fundamental mode AT cut 

Re, = 160 2 (F, = 2.8 - 5.0 MHz); 

R, = 300 2 (F, = 2.0 - 2.7 MHz) 

C, = 18 pf; C,, = 0.02 pf; C, = 5 pf; Ly, = 96 mH 
Fp (typ) = 2.4676 MHz 


Figure 33. MK68901 MFP External Oscillator Components 


4-54 


MK68901 ORDERING INFORMATION 


68901P00 0° to 70°C 
68901P05 0° to 70°C 
68901N00 0° to 70°C 


68901N05 Plastic DIP 0° to 70°C 
68901Q00' Plastic PLCC ; 0° to 70°C 
68901Q05' Plastic PLCC 0° to 70°C 


NOTE: 1. Contact Mostek for availability 
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MK68901 48-Pin Plastic Dual-In-Line 
Package (N) | MILLIMETERS INCHES. 




















a 23 EQUAL SPACES = 


AT 0.100 + 0.010 (T.N.A.) 


MK68901 48-Pin Ceramic Dual-in-Line 
Package (P) 











Ma 
0.576 0.604 


0.015 











| Ga | 0.100 BSC - 

[008 [0.073 
| Kk | 0.165 
| 0.616 | 
Mw | 10° | 
| N | 0,040 | 0,060 | 
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MK68901 52-Pin 
Plastic Leaded Chip Carrier (Q) 
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MK68901 PIN CONNECTIONS 














NOTE: NC - No Connection 
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Uns ee TS68HC901 


HCMOS MULTI-FUNCTION PERIPHERAL 


MOSTEK 





ADVANCE INFORMATION 


The TS68HC901 muli-function peripheral (CMFP) is a member of the 
68000 Family of peripherals and the CMOS version of the MK68901.The 
CMFP directly interfaces to the 68000 processor via an asynchronous bus 
structure and can alsosupport both multiplexed and non multiplexed buses. 
Both vectored, non vectored and polled interrupt schemes are supported, 
with the CMFP providing unique vector number generation for each of its 
16 interrupt sources. Additionally, handshake lines are provided to facili- 
tate DMAC interfacing. 


HCMOS 


MULTI-FUNCTION 
PERIPHERAL 


The TS68HC901 performs many of the functions common to most micro- 
processor-based systems. The resources available to the user include : 


Eight Individually Programmable 1/O Pins with Interrupt Capability 
16-Source Interrupt Controller with Individual Source Enabling and 
Masking 

Four Timers, Two of which are Multi-Mode Timers 

Timers may be used as Baud Rate Generators for the Serial Channel 
Single-Channel Fuil-Duplex Universal Synchronous/Asynchronous 
Receiver-Transmitter (USART) that Supports Asynchronous and with 
the Addition of a Polynominal Generator Checker Supports Byte Syn- 
chronous Formats. 


P SUFFIX 
PLASTIC PACKAGE | 


ALSO AVAILABLE 
FFIX 
CE RAMIC PACKAGE 


By incorporating multiple functions within the CMFP, the system designer 
retains flexibility while minimizing device count. 

The CMOS technology used for the TS68HC901 reduces also the power 
consumption of the system. 


FN SUFFIX 
PLCC 52 





PIN ASSIGNMENT 












BLOCK DIAGRAM 


CLK RESE! VCC Vss 


Internal Control 
Logic 


Timers rco 
C&D TDO 


XTALY 


Data Ca XTALZ 
8) 
TAG 


TAI 
Register Timers 

Select —— A&B 1BO 
(5) cpu TBi 


Bus 


ts 0 ah 
RW S| 
USART af 

so 

DS TC 
BYACK i 


MPX 
General Purpose 10-17 
1'O - Interrupts 
Interrupt 
Control, 
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“SECTION 1 
INTRODUCTION 


The TS68HC901 multi-function peripheral (CMFP) is a member of the 68000 peripherals. The 
CMFP directly interfaces to the 68000 processor via ai; asynchronous bus structure. Bott 
vectored and polled interrupt schemes are supported, with the CMFP providing unique vecto: 
number generation for each of its 16 interrupt sources. Additionally, handshake lines are 
provided to facilitate DMAC interfacing. Refer to block diagram of the TS68HC901. 


The TS68HC901 performs many of the functions common to most microprocessor-basec 
systems. 
The resources available to the user include: 
@ Eight Individually Programmable |/O Pins with Interrupt Capability 
16-Source Interrupt Controller with Individual Source Enabling and Masking 
Four Timers, Two of which are Multi-Mode Timers 
Timers May Be Used as Baud Rate Generators for the Serial Channel 
Single-Channel Full-Duplex Universal Synchronous/Asynchronous Receiver-Transmitte 


(USART) that Supports Asynchronous and with the Addition of a Polynomial Generato 
Checker Supports Byte Synchronous Formats 


By incorporating multiple functions within the CMFP, the system designer retains flexibilit 
while minimizing device count. 
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rom a programmer's point of view, the versatility of the CMFP may be attributed to its register 
et. The registers are well organized and allow the CMFP to be easily tailored to a variety of 
pplications. All of the 24 registers are also directly addressable which simplifies programming. 


he register map is shown in Table 1-1. 


Table 1-1. CMFP Register Map 


Address 
| RSS | RS4 | RS3 | RS2 | RSI | 
01 0 0 0 0 0 
03 0 0 0 0 1 
05 0 0 0 1 0 
07 0 0 0 1 1 
09 0 0 1 @) 0 
OB 0 0 ] 0 1 
OD 0 0 ] 1 0 
OF 0 0 1 1 1 
11 0 1 0 0 0 
13 0 ] 0 0 1 
15 0 ] 0 1 0 
V7 0 1 0 1 1 
19 0 1 | 8) 0 
1B 0 1 1 0 1 
1D 0 1 1 1 0 
LP 0 1 1 1 1 
21 1 0 0 0 0 
23 1 0 0 0 1 
25 1 0 0 1 0 
27 1 0 0 1 1 
29 i 0 1 0 0 
2B 1 0 1 0 1 
2D 1 0 1 1 0 
2F 1 0 ] 1 1 
NOTE 


Abbreviation 





Register Name 
General Purpose !/O Register 
Active Edge Register 
Data Direction Register 
Interrupt Enable Register A 
Interrupt Enable Register B 
Interrupt Pending Register A 
Interrupt Pending Register B 
Interrupt In-Service Register A 
Interrupt In-Service Register B 
Interrupt Mask Register A 
Interrupt Mask Register B 
Vector Register 
Timer A Control Register 
Timer B Control Register 
Timers C and D Control Register 
Timer A Data Register 
Timer B Data Register 
Timer C Data Register 
Timer D Data Register 
Synchronous Character Register 
USART Control Register 
Receiver Status Register 
Transmitter Status Register 
USART Data Register 


Hex addresses assume that RS1 connects with A1, RS2 connects with A2, etc... and that DS is 


connected to LDS on the 68000 or DS is connected to DS on the 68008. 
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SECTION 2 
SIGNAL AND BUS OPERATION DESCRIPTION 


This section contains a brief description of the input and output signals. A discussion of bus opera- 
tion during the various operations is alSo presented. 


Note: The terms assertion and negation will be used extensively. This is done to avoid confu- 
sion when dealing with a mixture of ‘‘active low’’ and “active high’’ signals. The term 
assert or assertion is used to indicate that a signal is active or true, independent of 
whether that level is represented by a high or low voltage. The term negate or negation is 
used to indicate that a signal is inactive or false. 


2.1 SIGNAL DESCRIPTION 


The input and output signals can be functionally organized into the groups shown in Figure 2-1. The 
following paragraphs provide a brief description of the signal and a reference (if applicable) to other 


sections that contain more detail about its function. 








Vcc TAI 
GND TBI 
CLK TAO 
cs TBO Timer 
Be TCO Control 
DS 
i TDO 
bom CMFP XTALI 
DTACK 
XTAL2 
RS1-RS5 — 
S!} 
ae SO I Serial 1/0 
Control! 
RG RC 
ee TC 
Interrupt J !ACK 


Control 


| a 


m 
oO 


TR L oma 
RR Control 


Figure 2-1. Input and Output Signals 
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2.1.1 VCC and GND 


These inputs supply power to the CMFP. The Vcc is power at + 5 volts and GND is the grounc 
connection. | 


2.1.2 Clock (CLK) 


The clock input is a single-phase TTL-compatible signal used for internal timing. This inpu 
should not be gated off at any time and must conform to minimum and maximum pulse widtt 
times. The clock is not necessarily the system clock in frequency nor phase. When the bus is 
multiplexed (MPX=1), an adress strobe signal is connected to this pin. In the non multiplexec 
mode (MPX=0), this input is connected to the system clock when used with a 68000 processo: 
type or to Vss (O Vpc) when used with a 6800 processor type. — 


2.1.3 Asynchronous Bus Control 


Asynchronous data transfers are controlled by chip select, data strobe, read/write, and dati 
transfer acknowledge. The low order register select lines, RS1-RS5, select an internal CMFI 
register for a read or write operation. The reset tine initializes the CMFP registers and th 
internal control signals. 


2.1.3.1 CHIP SELECT (CS). This input activates the CMFP for internal register access. 


2.1.3.2 DATA STROBE (DS). This input is part of the internal chip select and interrupt acknowl 
edge functions. The CMFP must be located on the lower portion of the 16-bit data bus so that th 
vector number passed to the processor during an interrupt acknowledge cycle will be locatedi 
the low byte of the data word. As a result, DS must be connected to the processor's lower dat 
strobe if vectored interrupts are to be used. Note that this forces all registers to be located at od 
addresses and latches data on the rising edge for writes. This signal is used as RD with an Inte 
processor type. 


2.1.3.3 READ/WRITE (R/W). This input defines a data transfer as a read (high) or a write (low 
cycle. This signal is used as WR with an Intel processor type. 


2.1.3.4. DATA TRANSFER ACKNOWLEDGE (DTACK). This output signals the completio 
of the operation phase of a bus cycle to the processor. If the bus cycle is a processor read, th 
CMFP asserts DTACK to indicate that the information on the data bus is valid. If the bus cycle is 
processor to the CMFP, DTACK acknowledges the acceptance of the data by the CMFP. DTAC! 
will be asserted only by an CMFP that has CS or IACK (and IEl) asserted. This signal is not use 
with a 6800 processor type. 








2.1.3.5 REGISTER SELECT BUS (RS1 THROUGH RS5). The lower five bits of the register sele 
bus select an internal CMFP register during a read or write operation. 


4-64 


.1.3.6 DATA BUS (DO THROUGH D7). This bidirectional bus is used to receive data from or 
ransmit data tothe CMFP’s internal registers during a processor read or write cycle. During an 
nterrupt acknowledge cycle, the data bus is used to pass a vector number to the processor. 
since the CMEP is an 8-bit peripheral, the CMFP could be located on either the upper or lower 
ortion of the 16-bit data bus (even or odd address). However, during an interrupt acknowledge 
ycle, the vector number passed to the processor must be located in the low byte of the data 
vord. As a result, DO-D7 of the CMFP must be connected to the low order eignt bits of the 
rocessor data bus, placing CMFP registers at odd addresses if vectored interrupts are to be 
ised. 


.1.3.7 RESET (RESET). This input will initialize the CMFP during power up or in response to 
| total system reset. Refer to 2.2.3 for further information. 


».1.3.8 MPX. This signal selects the data bus mode: 

APX=O: non multiplexed mode 

APX=1: multiplexed mode. The register select lines RS1-RS5 and the data bus DO-D7 are 
nultiplexed. An adress strobe must be connected to the CLK pin. 


.1.4 Interrupt Control 


he interrupt request and interrupt acknowledge Signals are handshake lines for a vectored interrupt 
cheme. Interrupt enable in and the interrupt enable out implement a daisy-chained interrupt struc- 
ure. 


1.4.1 INTERRUPT REQUEST {IRQ). This output signals the processor that an interrupt is pen- 
ling from the CMFP. These are 16 interrupt channels that can generate an interrupt request. 
-learing the interrupt pending registers (IPRA and IPRB) or clearing the interrupt mask registers 
MRA and IMRB) will cause IRQ to be negated. IRQ will also be negated as the result of an 
nterrupt acknowledge cycle, unless additional interrupts are pending in the CMEFP. Refer to 
»ECTION 3 for further information. 


1.4.2 INTERRUPT ACKNOWLEDGE (!IACK). If both IRO and IEl are active, the CMFP will 
egin an interrupt acknowledge cycle when IACK and DS are asserted. The CMFP will supply a 
INique vector number to the processor which corresponds to the interrupt handler for the 
articular channel requiring interrupt service. In a daisy-chained interrupt structure, alldevices 
1 the chain must have a common IACK. Refer to 2.2.2 and 3.1.2 for additional information. 


1.4.3 INTERRUPT ENABLE IN (IEI). This input, together with the IEO signal, provides a daisy- 
hained interrupt structure for a vectored interrupt scheme. IE! indicates that no higher priority 
evice IS requesting interrupt service. So, the highest priority device in the chain should have its IE] 
in tiled low. During an interrupt acknowledge cycle, an CMFP with a pending interrupt is not 
llowed to pass a vector number to the processor until its [El pin is asserted. When the 
aisy-chain option is not implemented, all CMFPs should have their IEI pin tied low. Refer to 3.2 
yr additional information. 
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2.1.4.4 INTERRUPT ENABLE OUT (IEO). This output, together with the IEI signal, provides ¢ 
daisy-chained interrupt structure for a vectored interrupt scheme. The IEO of a particular CMFF 
signals lower priority devices that neither the CMFP nor any other higher-priority device is 
requesting interrupt service. When a daisy-chain is implemented, IEO is tied to the next lower 
priority device’s IEI input. The lowest priority device’s IEO. is not connected. When the-daisy- 
chain option is not implemented, IEO is not connected. Refer to 3.2 for additional information 


2.1.5 General Purpose !/O Interrupt Lines (10 Through 17) 


This is an 8-bit pin-programmable |/O port with interrupt capability. The data direction registe 
(DOR) individually defines each line as either a high-impedance input or a TTL-compatible output 
AS an input, each line can generate an interrupt on the user selected transition of the input signal 
Refer to SECTION 4 for further information. 


2.1.6 Timer Control 


These lines provide internal timing and auxiliary timer control inputs required for certain operatin 
modes. Additionally, the timer outputs are included in this group. 


2.1.6.1 TIMER CLOCK (XTAL1 AND XTAL2). This input provides the timing signal for the fou 
timers. A crystal can be connected between the timer clock inputs, XTAL1 and XTAL2, or XTAL 
can be driven with a TTL-level clock while XTAL2 is not connected. The following cryste 
parameters are suggested: 

a) Parallel resonance, fundamental mode AT-cut 


b) Frequency tolerance measured with 18 picofarads load (0.1% accuracy) — drive level 1 
microwatts 


c) Shunt capacitance equals 7 picofarads maximum 


d) Series resistance: 
2.0<f<2.7 MHz; Rs S300 2 
2.8<f<4.0 MHz; Rg s1502 


2.1.6.2 TIMER INPUTS (TAI AND TBI). These inputs are control signals for timers A and B in th 
pulse width measurement mode and event count mode. These signals generate interrupts at th 
Same priority level as the general purpose |/O interrupt lines 14 and 13, respectively. While |4 and | 
do not have interrupt capability when the timers are operated in the pulse width measurement mod 
or the event count mode, I4 and |3 may still be used for |/O. Refer to 5.1.2 and5.1. Sor turine 
information. 


2.1.6.3 TIMER OUTPUTS (TAO, TBO, TCO, AND TDO). Each timer has an associated outpt 
which toggles when its main counter counts through 01 (hexadecimal), regardless of which operé 
tional mode is selected. When in the delay mode, the timer output will be a square wave with 
period equal to two timer cycles. This output signal may be used to supply the universal syr 
chrongus/ asynchronous receiver-transmitter (USART) baud rate clocks. Timer outputs TAO an 
TBO may be cleared at any time by writing a one to the reset location in timer control registers | 
and B. Also, a device reset forces all timer outputs low. Refer to 5.2.2 for additional informatior 
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2.1.7 Serial |/O Control 


The full duplex serial channel is implemented by a Serial input and output line. The independent 
receive and transmit sections may be clocked by separate timing signals on the receiver clock input 
and the transmitter clock input. 


2.1.7.1 SERIAL INPUT (SI). This input line is the USART receiver data input. This input is not used 
in the USART loopback mode. Refer to 6.3.2 for additional information. 


2.1.7.2 SERIAL OUTPUT (SO). This output line is the USART transmitter data output. This output 
is driven high during a device reset. 


2.1.7.3 RECEIVER CLOCK (RC). This input controls the serial bit rate of the receiver. This signal 
may be supplied by the timer output lines or by any external TTL-level clock which meets the 
minimum and maximum cycle times. This clock is not used in the USART loopback mode. Refer to 
6.3.2 for additional information. 


2.1.7.4 TRANSMITTER CLOCK (TC). This input controls the serial bit rate of the transmitter. This 
Signal may be supplied by the timer output lines or by an external TTL-level clock which meets the 
minimum and maximum cycle times. 


2.1.8 DMA Control 


The USART supports DMA transfers through its receiver ready and transmitter ready Status lines. 


2.1.8.1 RECEIVER READY (RR). This output reflects the receiver buffer full status for DMA opera- 
tions. 


2.1.8.2 TRANSMITTER READY (TR). This output reflects the transmitter buffer empty status for 
DMA operations. 
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2.1.9 Signal Summary 
Table 2-1 is a summary of all the signals discussed in the previous paragraphs. 
Table 2-1. Signal Summary 
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Register Select Bus 
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Reset 
Interrupt Request 
Interrupt Acknowledge 
XTALT, XTAL2 High 
TAI, TBI N/A 
TAO, TBO, TCO TDO 


incon Enable Out 

General Purpose !/O — Interrupt Lines 
Timer Clock 

Timer Inputs 

Timer Outputs 


Serial Input 


Senal Output 
Receiver Clock 





Transmitter Clock 


Receiver Ready 
Transmitter Ready 


Output 





2.2 BUS OPERATION 


The following paragraphs explain the control signals and bus operation during data transfer oper 
tions and reset. 


2.2.1 Data Transfer Operations 


Transfer of data between devices involves the following pins: 
Register Select Bus — RS1 through RS5 
Data Bus — DO through D7 
Control Signals 


The address and data buses are Separate parallel buses used to transfer data using an asynchronou 
bus structure. In all cycles, the bus master assumes responsibility for deskewing all signals it issue 
at both the start and end of a cycle. Additionally, the bus master is responsible for deskewing th 
acknowledge and data signals from the peripheral devices. 
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2.1.1 READ CYCLE. ToreadanCMFP register, CS and DS must be asserted, andR/W must 
e high. The CMFP will place the contents of the register which is selected by the register select 
us (RS1 through RS5) on the data bus (DO through D7) and then assert DTACK. The register 
ddresses are shown in Table 1-1. 





\fter the processor has latched the data, DS is negated. The negation of either CS or DS will 
erminate the read operation. The CMFP will drive DTACK high and place it in the high- 
mpedance state. Also, the data bus will be in the high-imredance state. The timing for a read 
ycle is shown in Figure 2-2. Refer to 7.7 for actual timing numbers. 





D0-D7 +) 


Figure 2-2. Read Cycle Timing 





’. 2.1.2 WRITE CYCLE. To write a register, CS and DS must be asserted, and R/W must be 
ow. The CMFP will decode the address bus to determine which register is selected (the register 
nap is shown in Table 1-1). Then the register will be loaded with the contents of the data bus 
nd DTACK will be asserted. 
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When the processor recognizes DTACK, DS will be negated. The write cycle is terminated when 
either CS or DS is negated. The CMFP will drive DTACK high and place it in the high-impedance 
State. The timing for a write cycle is shown in Figure 2-3. Refer to 7.7 for actual numbers. 


00.07 ————_—__—{ 





Figure 2-3. Write Cycle Timing 
2.2.2 Interrupt Acknowledge Operation 


The CMFP has 16 interrupt sources, eight internal sources, and eight external sources. Wher 
an interrupturequest is pending, the CMFP will assert IRG. In a vectored interrupt scheme, the 
processor will acknowledge the interrupt request by performing an interrupt acknowledg 
cycle. IACK and DS will be asserted. The CMFP responds to the IACK signal by placing a vecto 
number on the lower eight bits of the data bus. This vector number corresponds to the IRC 
handler for the particular interrupt requesting service. The format of this vector number is giver 
in Figure 3-1. 








When the CMFP asserts DTACK to indicate that valid data is on the bus, the processor will latct 
the data and terminate the bus cycle by negating DS. When either DS or IAC or IACK are negated, th 
CMFP will terminate the interrupt acknowledge operation by driving DTACK high and placing i 
in the high-impedance state. Also, the data bus will be placed in the high-impedance state. IRC 
will be negated as a result of the IACK cycle unless additional interrupts are pending. 





The CMFP can be part of a daisy-chain interrupt structure which allows multiple CMFPs to b 
placed at the same interrupt level by sharing a common IACK signal. A daisy-chain priorit 
scheme is implemented with signals IEl and iEO. IEI indicates that no higher priority device i 
requesting interrupt service. lIEO signals lower priority devices that neither this device nor an 
higher priority device is requesting service. To daisy-chain CMFPs, the highest priority CMFI 
has its IEI tied low and successive CMFPs have their IEI connected to the next higher priorit 
device’s IEO. Note that when the daisy-chain interrupt structure is not implemented, the IE/ a 
all CMFPs must be tied low. Refer to 3.2 for additional information. 
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When the processor initiates an interrupt acknowledge cycle by driving IACK and DS, the CMFP 
whose IE! is low may respond with a vector number if an interrupt is pending. If this device does 
not have a pending interrupt, IEO is asserted which allows the next lower priority device to 
respond to the interrupt acknowledge. When an CMFP propagates IEO, it will not drive the data 
ous nor DTACK during the interrupt acknowledge cycle. The timing for an [ACK cycle is shown 
in Figure 2-4. Refer to 7.6 for further information. 








m 
oe) 


DTACK Roe bac Seen hes \ / eee 


Figure 2-4. IACK Cycle Timing 





2.2.3 Reset Operation 


The reset operation will initialize the CMFP to a known state. The reset operation requires that 
the RESET input be asserted for a minimum of two microseconds. During a device reset 
condition, all internal CMFP registers are cleared except for the timer data registers (TADR, 
TBDR, TCDR, and TDDR), the USART data register (UDR), the transmitter status register (TSR) 
and the interrupt vector register. All timers are stopped and the USART receiver and transmitter 
are disabled. The interrupt channels are also disabled and any pending interrupts are cleared. In 
addition, the general purpose interrupt I/O lines are placed in the high-impedance input mode 
and the timer outputs are driven low. External CMFP signals are negated. The interrupt vector 
register is initialized to a $OF. 





2.2.4 Non Multiplexed mode 


In this mode the MPX input must be set to zero, andthe TS68HC901 can be used with a 68000 
orocessor type or a 6800 processor type. Refer to figure 7-4, 7-5, 7-8 for the electrical 
characteristics. 


With a 6800 processor type the DS pin is connected to the E signal of the processor, the DTACK 
signal is not used and the CLK must be zeroed. 


2.2.5 Multiplexed mode 


The CMFP can be used either on a MOTOROLA or INTEL bus type. In this case the MPX pin 

connected to Vcc-The following table gives the signification of the different signals used. 

dummy access to the TS68HC901 has to be done before any valid access in order to set up th 
internal logic of sampling. 


MOTOROLA MOTOROLA 
6800 type Multiplexed 


cs 
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SECTION 3 
INTERRUPT STRUCTURE 


In a 68000 system, the CMFP will be assigned to one of the seven possible interrupt levels. All 
interrupt service requests from the CMFP’s 16 interrupt channels will be presented at this level. 
Although, as an interrupt controller, the CMFP will internally prioritize its 16 interrupt sources. 
Additional interrupt sources may be placed at the same interrupt level by daisy-chaining 
multiple CMFPs. The CMFPs will be prioritized by their position in the chain. 


3.1 INTERRUPT PROCESSING 


Each CMFP provides individual interrupt capability for its various functions. When an interrupt 
is received on one of the external interrupt channels or from one of the eight internal sources, 
the CMFP will request interrupt service. The 16 interrupt channels are assigned a fixed priority 
so that multiple pending interrupts are serviced according to their relative importance. Since 
the CMFP can internally generate 16 vector numbers, the unique vector number which corres- 
ponds to the highest priority channel that has a pending interrupt is presented to the processor 
during an interrupt acknowledge cycle. This unique vector number allows the processor to 
immediately begin execution of the interrupt handler for the interrupting source, decreasing 
interrupt latency time. 


3.1.1 Interrupt Channel Prioritization 


The 16 interrupt channels are prioritized as shown in Table 3-1. General purpose interrupt 7 (17) is 
the highest priority interrupt channel and IO is the lowest priority channel. Pending interrupts are 
presented to the CPU in order of priority unless they have been masked off. By selectively masking 
interrupts, the channels are in effect re-prioritized. 


Table 3-1. Interrupt Channel Prioritization 


Highest General Purpose Interrupt 7 (17) 
General Purpose Interrupt 6 (16) 
Timer A 

Receiver Buffer Full 

Receive Error 

Transmit Buffer Empty 
Transmit Error 

Timer B 

General Purpose Interrupt 5 (15) 
General Purpose Interrupt 4 (14) 
Timer C 

Timer D 

General Purpose Interrupt 3 (13) 
General Purpose Interrupt 2 (12) 
General Purpose Interrupt 4 (11) 
General Purpose Interrupt 0 (10) 





























Lowest 
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3.1.2 Interrupt Vector Number Format 


During an interrupt acknowledge cycle, a unique 8-bit vector number is presented to the systen 
which corresponds to the specific interrupt source which is requesting service. The format of th 
vector is shown in Figure 3-1. The most significant four bits of the interrupt vector number are use 
programmable. These bits are set by writing the upper four bits of the vector register which i: 
shown in Figure 3-2. The low order bits are generated internally by the TS68HC901. Note that 
the binary channel number shown in Table 3-1 corresponds to the low order bits of the vector 
number associated with each channel. 


7 6 


5 4 3 2 1 O 
% 


V7-V4 The four most significant bits are copied from the vector register 
iV3-1VO. These bits are supplied by the CMFP. They are the binary channel number of the highest priority 


channel that is requesting tnterrupt service. 


Figure 3-1. Interrupt Vector Format 


6 5 4 3 2 ] 0 
Address 17 
(Hex) S ze ee 
* Unused bits are read as zero. 


V7-V4 The upper four bits of the vector register are written by the user. These bits become the most 
significant four bits of the interrupt vector number. 


SEF a) MPU writes a one 
CLEARED a) MPU writes a zero 
b) Reset 
S In-Service Register Enable. When the S bit is ze.o, the CMFP is in the automatic 


end-of-interrupt mode and the in-service register bits are forced low. When the S bit 
is a one, the CMFP is in the software end-of-interrupt mode and the in-Service. 
register bits are enabled. Refer to 3.4.2 and 3.4.3 for additional information. 


tion. 


SET a) MPU writes a one 
CLEARED a) MPU writes a zero 
b) Reset 


Figure 3-2 Vector Register Format (VR) 


3.2 DAISY-CHAINING CMFPs 


As an interrupt controller, the TS68HC901 CMFP will support eight external interrupt Sources 
in addition to tts eight internal interrupt Sources. When a system requires more than eight 
external interrupt sources to be placed at the same interrupt level, sources may be added tothe 
prioritized structure by daisy-chaining CMFPs. Interrupt sources are prioritized internally 
within each CMFP and the CMFPs are prioritized by their position in the chain. Unique vector 
numbers are provided for each interrupt Source. 


The IEI and IEO signals implement the daisy-chained interrupt structure. The IEI of the highest 
priority CMFP is tied low and the IEO output of this device is tied to the next highest priority 
CMFP'’s|IEI. The IEI and IEO signals are daisy-chained in this manner for all CMFPs inthe chain, 
with the lowest priority CMFP’s IEO left unconnected. A diagram of an interrupt daisy-chain is 
shown in Figure 3-3. 
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Highest Lowest 
Priority Priority 





IACK 


Figure 3-3. Daisy-Chained Interrupt Structure 


Daisy-chaining requires that all parts in the chain have a common IACK. When the common IACK is 
asserted during an interrupt acknowledge cycle, all parts will prioritize interrupts in parallel. When 
he IEI signal to a CMFP is asserted, the part may respond to the IACK cycle if it requires 
nterrupt service. Otherwise, the part will assert IEO to the next lower priority device. Thus, 
yriority is passed down the chain via IEI and IEO until a part which has a pending interrupt is 
‘eached. The part with the pending interrupt passes a vector number to the processor and does 
1ot propagate IEO. 





3.3 INTERRUPT CONTROL REGISTERS 


CMFP interrupt processing is managed by the interrupt enable registers A and B, interrupt 
pending registers A and B, and interrupt mask registers A and B. These registers allow the 
programmer to enable or disable individual interrupt channels, mask individual interrupt 
channels, and access pending interrupt status information. In-service registers A andB allow 
interrupts to be nested as described in 3.4. The interrupt control registers are shown in 
Figure 3-4. 


3.3.1 Interrupt Enable Registers 


The interrupt channels are individually enabled or disabled by writing a one or zero, respectively, to 
the appropriate bit of interrupt enable register A (IERA) or interrupt enable register B (IERB). The 
9rocessor may read these registers at any time. 


When achannel is enabled, interrupts received on the channel will be recognized by the CMFP 
and IRQ will be asserted to the processor, indicating that interrupt service is required. On the 
other hand, a disabled channel is completely inactive; interrupts received on the channel are 
ignored by the CMFP. 


Nriting a zero to a bit of interrupt enable register A or B will cause the corresponding bit of interrupt 
9ending register A or B to be cleared. This will terminate all interrupt service requests for the chan- 
rel and also negate IRQ, unless interrupts are pending from other sources. Disabling a channel, 
rowever, does not affect the corresponding bit in interrupt in-service registers A or B. So, if the 
CMEFP is in the software end-of-interrupt mode (see 3.4.3) and an interrupt is in service when a 
channel is disabled, the in-service status bit for that channel will remain set until cleared by 
software. 
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(a) Interrupt Enable Registers (IERA and IERB) 





7 6 5 4 3 2 ] @) 
Address 07 RCV . AMIT 
‘Hes Timer Buffer | Buffer 
GPIP7 GPIP6 A Full Empty 


7 6 5 4 3 Z 1 0 
Address 09 Timer Timer 
(Hex) GPIP5 GPIP4 C D GPIP3 GPIP2 GPIP] GPIPO 


When a bit iS a zero, the associated interrupt channel is disabled. When a bit is a one, the associated 
interrupt channel is enabled. 


SET a) MPU writes a one 
CLEARED a) MPU writes a zero 
b) Reset 


(b) Interrupt Pending Registers (IPRA and IPRB) 


4 Z ] 0 


7 6 5 3 
RCV XMIT 
Timer Buffer RCV Buffer 
GPIP7 GPIP6 A Full Error Empty 


7 6 5 4 3 2 1 @) 
Address 0D Timer Timer | 
(Hex) GPIP5 GPIP4 C D GPIP3 GPIP2 GPIP1 GPIPO 


When a bit is a zero, no interrupt is pending on the associated interrupt channel. When a bit is a one, an 
interrupt is pending on the associated interrupt channel. 
SET a) Interrupt is received on an enabled interrupt channel oes 
CLEARED a) Interrupt vector for the associated interrupt channel is passed during an IACK cycle 
b) Associated interrupt channel is disabled 
c) MPU writes a zero 
d) Reset 


Address 0B 
(Hex) 





(c) Interrupt In-Service Registers (ISRA and ISRB) 
2 1 0 


7 6 5 3 
XMIT 
Timer RCV Buffer 
GPIP7 | GPIP6 A Error Empty 


7 6 5 4 3 2 1 0 
Address 11 Timer Timer | 
(Hex) GPIP5 GPIP4 Cc D GPIP3 GPIP2 | GPIP1 | GPIPO 


When a bit ig a zero, no. interrupt processing is in progress for the associated interrupt channel. When a 
bit is a One, interrupt processing is in progress for the associated interrupt channel. 
SET a) Interrupt vector number for the associated interrupt channel is passed during an |ACK 
cycle and the S bit of the vector register is set. 
CLEARED _ a) Interrupt service is completed for the associated interrupt channel 
b) The S bit of the vector register is a zero. 
c) MPU writes:a zero 
d) Reset 


4 


Address OF 
(Hex) 





Figure 3-4. Interrupt Control Registers (Sheet 1 of 2) 
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(d) Interrupt Mask Registers (IMRA and IMRB) 


7 6 5 4 3 2 | 
RCV XMIT 
Timer Butfer RCV Butfer XMIT 
GPIP7 GPIP6 A Full Error Empty Error 


7 6 5 4 3 2 1 0 
Timer Timer 
GPIP5 GPIP4 C D GPIP3 GPIP2 GPIP1 GPIPO 


When a bit is zero, interrupts are masked for the associated interrupt channel. When a bit is a one, inter- 
rupts are not masked for the associated interrupt channel. 















Address 13 
(Hex) 









Address 15 
(Hex) 


SET a) MPU writes a one 
CLEARED ~— a) MPU writes a zero 
b) Reset 


Figure 3-4. Interrupt Control Registers (Sheet 2 of 2) 


3.3.2 Interrupt Pending Registers 


When an interrupt is received on an enabled channel, the corresponding interrupt pending bit is set 
in interrupt pending register A or B (IPRA or IPRB). In a vectored interrupt scheme, this bit will be 
cleared when the processor acknowledges the interrupting channel and the CMFP responds 
with a vector number. Ina polled interrupt system, the interrupt pending registers must be read 
to determine the interrupting channel and then the interrupt pending bit is cleared by the 
interrupt handling routine without performing an interrupt acknowledge sequence. 


A single bit of the interrupt pending registers is cleared in software by writing ones to all bit posi- 
tions except the bit to be cleared. Note that writing ones to IPRA and IPRB has no effect on the 
contents of the register. A single bit of the interrupt pending registers is also cleared when the cor- 
responding channel is disabled by writing a zero to the appropriate bit of IERA or IERB. 


3.3.3 Interrupt Mask Registers 


Interrupts are masked for a channel by clearing the appropriate bit in interrupt mask register A or B 
(IMRA or IMRB). Even though an enabled channel is masked, the channel will recognize subse- 
quent interrupts and set its interrupt pending bit. However, the channel is prevented from re- 
questing interrupt service (IRQ to the processor) as long as the mask bit for that channel is cleared. 


lf a channel is requesting interrupt service at the time that its corresponding bit in IMRA or IMRB is 
cleared, the request will cease and IRQ will be negated, unless another channel is requesting inter- 
rupt service. Later, when the mask bit is set, any pending interrupt on the channel will be processed 
according to the channel's assigned priority. IMRA and IMRB may be read at any time. 


3.4 NESTING CMFP INTERRUPTS 


In a 68000 vectored interrupt system, the CMEP is assigned to one of seven possible interrupt 
levels. When an interrupt is received from the CMFP, an interrupt acknowledge for that level is 
initiated. Once an interrupt is recognized at a particular level, interrupts at that same level or 
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below are masked by 68000. As long as the processor’s interrupt mask is unchanged, the 
68000 interrupt structure will prohibit the nesting of interrupts at the same interrupt level. 
However, additional interrupt requests from the CMFP can be recognized before a previous 
channel's interrupt service routine is completed by lowering the processor's interrupt mask to 
the next lower interrupt level within the interrupt handler. 


When nesting CMFP interrupts, it may be desirable to permit interrupts on any CMFP channel, 
regardless of its priority, to preempt or delay interrupt processing of an earlier channel's 
interrupt service request. Or, it may be desirable to only allow subsequent higher priority 
channel interrupt requests to supercede previously recognized lower priority interrupt 
requests. The CMFP interrupt structure provides this flexibility by offering two end-of-interrupt 
options for vectored interrupt schemes. Note that the end-of-interrupt modes are not active ina 
polled interrupt scheme. 


3.4.1 Selecting The End-Of-interrupt Mode 


In a vectored interrupt scheme, the CMFP may be programmed to operate in either the 
automatic end-of-interrupt mode or the software end-of-interrupt mode. The mode is selected 
by writing the S bit of the vector register (see Figure 3-2). When the S bit is programmed to a 
one, the CMFP is placed in the software end-of-structure mode and when the S bit is a zero, all 
channels operate in the automatic end-of-interrupt mode. 


3.4.2 Automatic End-Of-interrupt 


When an interrupt vector number is passed to the processor during an interrupt acknowledge 
cycle, the corresponding channel's interrupt pending bit is cleared. In the automatic end-of- 
interrupt mode, no further history of the interrupt remains in the CMFP. The in-service bits of 
the interrupt in-service registers (ISRA and ISRB) are forced low. Subsequent interrupts which 
are received on any CMFP channel will generate an interrupt request to the processor, even if 
the current interrupt’s service routine has not been completed. 


3.4.3 Software End-Of-Interrupt 


In the software end-of-interrupt mode, the channel's associated interrupt pending bit is cleared anc 
in addition, the channel's in-service bit of in-service register A or B is set when its vector number is 
passed to the processor during an IACK cycle. A higher priority channel may subsequently request 
interrupt service and be acknowledged, but as long as the channel's in-service bit is set, no lower 
priority channel may request interrupt Service nor pass its vector during an interrupt acknowledge 
sequence. 





While only higher priority channels may request interrupt service, any channel can receive an inter- 
rupt and set its interrupt pending bit. Even the channel whose in-service bit is set can receive < 
second interrupt. However, no interrupt Service request is made until its in-service bit is cleared. 


The in-service bit for a particular channel can be cleared by writing a zero to its corresponding bit ir 
ISRA or ISRB and ones to all other bit positions. Since bits in the in-service registers can only be 
cleared in software and not Set, writing ones to the registers does not alter their contents. ISRA anc 
ISRB may be read at any time. | 
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SECTION 4 
GENERAL PURPOSE INPUT/OUTPUT INTERRUPT PORT 


The general purpose interrupt input/output (1/0) port (GPIP) provides eight I/O lines (10 through I7) 
that may be operated as either inputs or outputs under software control. In addition, these lines 
may optionally generate an interrupt on either a positive transition or a negative transition of the in- 
put signal. The flexibility of the GPIP allows it to be configured as an 8-bit I/O port or for bit I/O. 
Since interrupts are enabled on a bit-by-bit basis, a subset of the GPIP could be programmed as 
handshake lines or the port could be connected to as many as eight external interrupt sources, 
which would be prioritized by the CMFP interrupt controller for interrupt service. 


4.1 6800 INTERRUPT CONTROLLER 


‘he CMEFP interrupt controller is particularly useful in a system which has many 6800-type 
levices. Typically, in a vectored 68000 system, 6800-type peripherals use the autovector which 
‘orresponds to their assigned interrupt level since they do not provide a vector number in 
esponse to an IACK cycle. The autovector interrupt handler must then poll all 6800-type 
jevices at that interrupt level to determine which device is requesting service. However, by 
ying the IRQ output from a 6800-type device to the general purpose I/O interrupt port (GPIP) of 
1 CMFP, a unique vector number will be provided to the processor during an interrupt acknowl- 
»dge cycle. This interrupt structure will significantly reduce interrupt latency for 6800-type 
Jevices and other peripheral devices which do not support vector-by-device. 





4.2 GPIP CONTROL REGISTERS 


The GPIP is programmed via three control registers shown in Figure 4-1. These registers control the 
data direction, provide user access to the port, and specify the active edge for each bit of the GPIP 
which will produce an interrupt. These registers are described in detail in the following paragraphs. 


4.2.1 GPIP Data Register 


The general purpose |/O data register is used to input or output data to the port. When data is writ- 
ten to the GPIP data register, those pins which are defined as inputs will remain in the high- 
impedance state. Pins which are defined as outputs will assume the state (high or low) of their cor- 
responding bit in the data register. When the GPIP is read, data will be passed directly from the bits 
of the data register for pins which are defined as outputs. Data from pins defined as inputs will 
come from the input buffers. 


4.2.2 Active Edge Register 


The active edge register (AER) allows each of the GPIP lines to produce an interrupt on either a one- 
to-zero or a zero-to-one transition. Writing a zero to the appropriate edge bit of the active edge 
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(a) GPIP Data Register (GPIP) 


: 6 5 4 3 a 3 
' Address 01 
SET al) MPU writes a one 
CLEARED =a) MPU writes a zero 


(b) Active Edge Register (AER) 


7 6 is) 4 3 2 1 0 


Address 03 : ' 
(eas GPIP7 GPIP6 GPIP5 GPIP3 GPIP2 GPIP1 GPIPO 


When a bit is a zero, interrupts will be generated on the falling edge of the associated input signal When 
a bit is a one, interrupts will be generated on the rising edge of the associated input signal 


SET a) MPU writes a one 
CLEARED a) MPU writes a zero 
b) Reset 


(c) Data Direction Register (ODR) 


7 6 3) 4 3 2 1 0 


Address 05 
nee Gpip7 | GPIP6 Gpipa | cpip3 | Gpip2 GPIPO 


When a bit is a zero, the associated |/O line is defined to be an input When a bit is a one, the associated 
1/O line is defined to be an output. 


SEI a) MPU writes a one 
CLEARED a) MPU writes a zero 
b) Reset 


Figure 4-1. GPIP Control Registers 


register causes the associated input to generate an interrupt on the one-to-zero transition. Writing « 


one to the edge bit will produce an interrupt on the zero-to-one transition of the correspondin« 
GPIP line. 


Note: The transition detector is an exclusive-OR gate whose inputs are the edge bit and the in- 
put buffer. As a result, writing the AER may cause an interrupt-producing transition, 
depending upon the state of the input. So, the AER should be configured before enabling 
interrupts via the interrupt enable registers (IERA and IERB). Also, changing the edge bit 
while interrupts are enabled may cause an interrupt on the corresponding channel. 


4.2.3 Data Direction Register 


The data direction register (DDR) allows the programmer to define IO through I|7 as inputs or out 
puts by writing the corresponding bit. When a bit of the data direction register is written as a zero 
the corresponding interrupt I/O pin will be a high-impedance input. Writing a one to any bit of thr 
data direction register will cause the corresponding pin to be configured as a push-pull output. 
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SECTION 5 
TIMERS 


The CMFP contains four 8-bit timers which provide many functions typically required in 
microprocessor systems. The timers can supply the baud rate clocks for the on-chip serial I/O 
channel, generate periodic interrupts, measure elapsed time, and count signal transitions. In 
addition, two timers have waveform generation capability. 


All timers are prescaler/counter timers with a common independent clock input (XTAL1 or XTAL2) 
and are not required to be operated from the system clock. Each timer’s output signal toggles when 
the timer’s main counter times out. Additionally, timers A and B have auxiliary control signals which 
are used in two of the operation modes. An interrupt channel is assigned to each timer and when 
the auxiliary control signals are used, a separate interrupt channel will respond to transitions on 
these inputs. 


9.1 OPERATION MODES 


Timers A and B are full function timers which, in addition to the delay mode, operate in the pulse 
width measurement mode and the event count mode. Timers C arid D are delay timers only. A brief 
discussion of each of the timer modes follows. 


9.1.1 Delay Mode Operation 


All timers may operate in the delay mode. In this mode, the prescaler is always active. The prescaler 
specifies the number of timer clock cycles which must elapse before a count pulse is applied to the 
main counter. A count pulse causes the main counter to decrement by one. When the timer has 
Jecremented down to 01 (hexadecimal), the next count pulse will cause the main counter to be 
‘eloaded from the timer data register and a time out pulse will be produced. This time out pulse Is 
soupled to the timer’s interrupt channel and, if the channel is enabled, an interrupt will occur. The 
‘ime out pulse also causes the timer output pin to toggle. The output will remain in this new state 
intil the next time out pulSe occurs. 


-or example, if delay mode with a divide-by-19 prescaler is selected and the timer data register is 
oaded with 100 (decimal), the main counter will decrement once every 10 timer clock cycles. After 
|,O00 timer clocks, a time out pulse will be produced. This time out pulse will generate an interrupt if 
he channel is enabled (IERA, IERB) and in addition, the timer’s output line will toggle. The output 
ine will complete one full period every 2,000 cycles of the timer clock. 


f the prescaler value is changed while the timer is enabled, the first time out pulse will occur at an 


ndeterminate time no less than one nor more than 200 timer clock cycles. Subsequent time out 
pulses will then occur at the correct interval. 
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If the main counter is loaded with 01 (hexadecimal), a time out pulse will occur every time th 
prescaler presents a count pulse to the main counter. If the main counter is loaded with 00, a tim 
out pulse will occur every 256 count pulses. 


5.1.2 Pulse Width Measurement Operation 


Besides the delay mode, timers A and B may be programmed to operate in the pulse width mez 
surement mode. In this mode an auxiliary control input is required; timers A and B auxiliary inpt 
lines are TAI and TBI. Also, in the pulse width measurement mode, interrupt channels normall 
associated with |4 and |3 will respond to transitions on TAI and TBI, respectively. General purpos 
lines 13 and l4 may still be used for |/O. A conceptual circuit of the timers in the pulse width mea 
surement mode is shown in Figure 5-1. 











Timer A 
Pulse Width 
Mode Interrupt 
Channel 
Interrupt 
timerB Channel 
Pulse Width 
Mode 


Figure 5-1. Conceptual Circuit of Timers A and B 
in Pulse Width Measurement Mode 


The pulse width measurement mode functions similarly to the delay mode, with the auxiliary contri 
Signal acting aS an enable to the timer. When the control signal is active, the prescaler and mai 
counter are allowed to operate. When the control signal is negated, the timer is stopped. So, th 
width of the active pulse on TAI or TBI is measured by the number of timer counts which occt 
while the timer is allowed to operate. 


The active state of the auxiliary input line is defined by the associated interrupt channel's edge bit | 
the active edge register (AER). GPIP4 of the AER is the edge bit associated with TAI and GPIP3 
associated with TBI. When the edge bit is a one, the auxiliary input will be active high, enabling tr 
timer while the input signal is at a high level. If the edge bit is low, the auxiliary input will be activ 
low and the timer will operate while the input signal is at a low level. 
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‘he state of the active edge bit also specifies whether a zero-to-one transition or a one-to-zero tran- 
ition of the auxiliary input pin will produce an interrupt when the interrupt channel is enabled. In 
\ormal Operation, programming the active edge bit to a one will produce an interrupt on the zero- 
O-one transition of the associated input signal. Alternately, programming the edge bit to a zero will 
yroduce an interrupt on the one-to-zero transition of the input signal. However, in the pulse width 
neasurement mode, the interrupt generated by a transition on TAI or TBI will occur on the opposite 
ransition as that normally defined by the edge bit. 


‘Or example, in the pulse width measurement mode, if the edge bit is a one, the timer will be 
llowed to run while the auxiliary input TAI is high. When TAI transitions from high to low, the 
imer will stop and, if the interrupt channel is enabled, an interrupt will occur. By having the inter- 
upt occur on the one-to-zero transition instead of the zero-to-one transition, the processor will be 
interrupted when the pulse being measured has terminated and the width of the pulse is available 
rom the timer. 'herefore, the timers act like a divide-by-prescaler that can be programmed by the 
imer data register and the timers’ A and B control register. 


\fter reading the contents of the timer, the main counter must be reinitialized by writing to the timer 
lata register to allow consecutive pulses to be measured. If the timer is written after the auxiliary in- 
Ut Signal is active, the timer will count from the previous contents of the timer data reqister until it 
ounts through 01 (hexadecimal). At that time, the main counter Is loaded with the new value from 
he timer data register, a time out pulse is generated which will toggle the timer output, and an in- 
errupt may be optionally generated on the timer interrupt channel. Note that the pulse width 
neasured will include counts from before the main counter was reloaded. If the timer data register 
5 written while the pulse is transitioning to the active state, an indeterminate value may be written 
ito the main counter. 


)nce the timer is reprogrammed for another mode, interrupts will again occur as normally defined 
yy the edge bit. Note that an interrupt may be generated as the result of placing the timer into the 
sulse width measurement mode or by reprogramming the timer for another mode. Also, an inter- 
upt may be generated by changing the state of the edge bit while in the pulse width measurement 
Node. 


.1.3 Event Count Mode Operation 


1 addition to the delay mode and the pulse width measurement mode, timers A and B may be pro- 
rammed to operate in the event count mode. Like the pulse width measurement mode, the event 
ount mode also requires an auxiliary input signal, TA! or TBI, and the interrupt channels normally 
ssociated with |4 and [3 will respond to transitions on TAI and TBI, respectively. General purpose 
nes 13 and /4 still function normally. 


) the event count mode the prescaler is disabled, allowing each active transition on TAI and TBI to 
roduce a count pulse. The count pulse causes the main counter to decrement by one. When the 
mer counts through 01 (hexadecimal), a time out pulse is generated which will cause the output 
gnal to toggle and may optionally produce an interrupt via the associated timer interrupt channel. 
he timer’s main counter is also reloaded from the timer data register. To count transitions reliably, 
Je input signal may only transition once every four timer clock periods. For this reason, the input 
gnal must have a maximum frequency equal to one-fourth that of the timer clock. 
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The active edge of the auxiliary input signal is defined by the associated interrupt channel's ed 
bit. GPIP4 of the AER specifies the active edge for TAI and GPIP3 defines the active edge for TE 
When the edge bit is programmed to a one, a count pulse will be generated on the zero-to-one tra 
sition of the auxiliary input signal. When the edge bit is programmed to a zero, a count pulse will 
generated on the one-to-zero transition. Also, note that changing the state of the edge bit while t 
timer is in the event count mode may produce a count pulse. 


Besides generating a count pulse, the active transition of the auxiliary input signal will also produ 
an interrupt on the |3 or |4 interrupt channel, if the interrupt channel is enabled. Typically, in t! 
event count mode, these channels are not enabled since the timer is automatically counting tran 
tions on the input signal. If the interrupt channel were enabled, the number of transitions could | 
counted In the interrupt routine without requiring the use of the timer. 


5.2 TIMER REGISTERS 


The four timers are programmed via three control registers and four timer data registers. Cont 
registers TACR and TBCR and timer data registers TADR and TBDR (refer to Figure 5-1) a 
associated with timers A and B respectively. Timers C and D are controlled by the control regist 
TCDCR and the data registers TCDR and TDDR (refer to Figure 5-2). 

| (a) Timer A Data Register (TADR) 


7 6 5 4 3 2 | 0 
Address 1F 
oy Ok A 86 |e [Da |) 0d fe. Or, Bo] 
SET a) MPU writes a one 
CLEARED a) MPU writes a zero 


(b) Timer B Data Register (TBOR) 


7 6 5 4 3 2 ] 0 
Address 21 
SET a) MPU writes a one 
CLEARED — a) MPU writes a zero 


(c) Timer C Data Register (TCDR) 
7 6 5 4 3 2 | 0 
Address 23 
Heo L_O7_ [| 06 | 08 | o4 | os { oz | o | oo | 
SET a) MPU writes a one 
CLEARED a) MPU writes a zero 


(d) Timer D Data Register (TDDR) 
7 6 5 4 3 2 1 0 
Address 25 
ey |_o7_ | 06 | os | oa | 03 | o2 | mi | bo | 
SET a) MPU writes a one 
CLEARED ~~ a) MPU writes a zero 


Figure 5-2. Timer Data Registers 
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5.2.1 Timer Data Registers 


Each timer’s main counter is an 8-bit binary down counter. The value of the main counter may be 
read at any time by reading the timer’s data register. The information read is the value of the 
counter which was captured on the last low-to-high transition of the DS pin. 


The main counter is initialized by writing to the timer’s data register. If the timer is stopped, data Is 
loaded simultaneously into both the timer data register and the main counter. If the timer data 
register iS written while the timer is enabled, the value is not loaded into the timer until the timer 
counts through O01 (hexadecimal). Writing the timer data register while the timer is counting 
through 01 (hexadecimal) will cause an indeterminate value to be loaded into the timer’s main 
counter. The four data registers are shown in Figure 5-2. 


5.2.2 Timer Control Registers 


Bits in the timer control registers select the operation mode, select the prescale value, and disable 
the timers. Timer control registers TACR and TBCR also have bits which allow the programmer to 
reset output lines TAO and TBO. These control registers are shown in Figure 5-3. 


(a) Timer A Control Register (TACR) 


7 6 5 4 3 2 1 0 
Address 19 . Reset 
(Hex) TAO AC3 AC2 AC1 ACO 


* Unused bits read as zero 


(b) Timer B Control Register (TBCR) 


7 6 5 4 3 2 1 0 
Address 1B Reset | | 
(Hex) TBO BC3 BC2 BC1 BCO 


* Unused bits read as zero 


Reset TAO/TBO _ Timer’s A and B output lines (TAO and TBO) may be forced low at any time by 
writing a one to the reset location in TACR and TBCR, respectively. The output will 
be held low only during the write operation; at the conclusion of the operation, the 
output will be allowed to toggle in response to a time-out pulse. When resetting 
TAO and TBO, the remaining bits in the control register must be written with their 
previous value to avoid altering the cperating mode. 


SET a) End of write cycle which clears the bit 
CLEARED a) MPU writes a zero 
b) Reset 


AC3-ACO, BC3-BCO These bits are decoded to determine the timer operation mode. 


Figure 5-3. Timer Control Registers (Sheet 1 of 2) 
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AC3 AC2 AC! ACO 

BC3 BC2 BC1 BCO Operation Mode 
0 0 0 0 Timer Stopped* 
0 0 0 1 Delay Mode, + 4 Prescaler 
0 0 1 0 Delay Mode, + 10 Prescaler 
0 0 1 1 Delay Mode, + 16 Prescaler 
0 1 0 0 Delay Mode, + 50 Prescaler 
0 1 0 1 Delay Mode, + 64 Prescaler 
0 1 1 0 Delay Mode, + 100 Prescaler 
0 1 1 1 Delay Mode, + 200 Prescaler 
1 0 0 0 Event Count Mode | 
1 0 0 1 Pulse Width Mode, + 4 Prescaler 
1 0 1 0 Pulse Width Mode, ~ 10 Prescaler 
1 0 1 1 Pulse Width Mode, ~ 16 Prescaler 
1 1 0 0 Pulse Width Mode, ~ 50 Prescaler 
1 1 0 1 Pulse Width Mode, ~ 64 Prescaler 
1 1 1 0 Pulse Width Mode, ~ 100 Prescaler 
1 1 1 1 Pulse Width Mode, + 200 Prescaler 


* Regardless of the operation mode, counting is inhibited when the timer is stop- 
ped. The contents of the timer’s main counter is not affected, although any residual 
count in the prescaler is lost. 


SET a) MPU writes a one 
CLEARED - a) MPU writes a zero 
b) Reset 


(c) Timers C and D Control Register (TCOCR) 


7 6 


5 4 3 2 1 0 
Address 1D 
* Unused bits read as zero 


CC2-CCO, DC2-DCO0 The bits are decoded to determine the timer operation mode. 


CC2 CCl CCOo 
DC2 DC1 DCO Operation Mode 


Timer Stopped* 
Delay Mode, = 4 Prescaler 
Delay Mode, ~ 10 Prescaler 
Delay Mode, ~~ 16 Prescaler 
Delay Mode, + 50 Prescaler 
Delay Mode, = 64 Prescaler 
Delay Mode, ~ 100 Prescaler 
1 Delay Mode, ~ 200 Prescaler 
*When the timer is stopped, counting is inhibited. The contents of the timer’s main 
counter is not affected, although any residual count in the prescaler is lost. 


—- Ss S$ OOOO 


—-oO—- oO" O- OO 


SET a) MPU writes a one 
CLEARED a) MPU writes a zero 
b) Reset 


Figure 5-3. Timer Control Registers (Sheet 2 of 2) 


4-86 


SECTION 6 
UNIVERSAL SYNCHRONOUS/ASYNCHRONOUS 
RECEIVER-TRANSMITTER 


-he universal synchronous/ asynchronous receiver-transmitter (USART) is a single full-duplex serial 
channel with a double-buffered receiver and transmitter. There are separate receive and transmit 
locks and separate receive and transmit status and data bytes. The receive and transmit sections 
ire also assigned Separate interrupt channels. Each section has both a normal condition interrupt 
shannel and an error condition interrupt channel. These channels can be optionally disabled from 
nterrupting the processor and instead, DMA transfers can be performed using the receiver ready 
ind transmitter ready external CMFP signals. 


3.1 CHARACTER PROTOCOLS 


[he CMFPUSART supports asynchronous and with the aid of a polynomial generator checker (PGC) 
supports byte synchronous character formats. These formats are selected independently of the 
Jivide-by-one and divide-by-16 clock modes. 


When the divide-by-one clock mode is selected, synchronization must be accomplished externally. 
The receiver will Sample the serial data on the rising edge of the receiver clock. In the divide-by- 16 
slock mode, the data is sampled at mid-bit time to increase transient noise rejection. 


Also, when the divide-by-16 clock mode is selected, the USART resynchronization logic is enabled. 
This logic increases the channel's clock skew tolerance. When a valid transition is detected, an in- 
ernal counter is reset to State zero. Transition checking is then inhibited until state four. Then at 
state eight, the previous state of the transition checking logic is clocked into the receive shift 
egister. 


3.1.1 Asynchronous Format 


/ariable word length and start/stop bit configurations are available under software control for asyn- 
shronous operation. The word length can be five to eight bits and one, one and one-half, or two 
stop bits can be selected. The user can also select odd, even, or no parity. For character lengths of 
ess than eight bits, the assembled character will consist of the required number of data bits 
ollowed by zeros in the.unused bit positions and a parity bit, if parity is enabled. 


n the asynchronous format, start bit detection is always enabled. New data is not shifted into the 
eceive shift register until a zero bit is received. When the divide-by-16 clock mode Is selected, the 
alse Start bit logic is also active. Any transition must be stable for three positive receive clock edges 
o be considered valid. Then a valid zero-to-one transition must not occur for at least eight addi- 
ional positive clock edges. 


6.1.1.1 WAKE-UP FEATURE. Ina typical serial loop multiprocessor configuration, the soft- 
ware protocol will usually identify the addressee(s) at the beginning of the message. In order to 
permit uninterested MPUs to ignore the remainder of the message, wake-up feature is included 
whereby all further USART receiver flag (and interrupt) processing can be inhibited until its data 
line goes idle. An USART receiver is re-enabled by an idle string of ten consecutive ones or 
during reset. Software must provide for the required idle string between consecutive messages 
and prevent it within messages. 
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6.1.2 Synchronous Format 


When the synchronous character format is selected, the 8-bit synchronous character loaded ir 
the synchronous character register is compared to received Serial data until a match is found. On 
synchronization is established, incoming data is clocked into the receiver. The synchronous we 
will be continuously transmitted during an underrun condition. All synchronous characters can 
optionally stripped from the receive buffer. Figure 6-1 shows the synchronous character registe 


7 6 5 4 3 2 0 
Oey” tssDE 1:08 |. De: | 208] 0s (Be | Or, OO 


Figure 6-1. Synchronous Character Register (SCR) 


The synchronous character is typically written after the data word length is selected, sin 
unused bits in the synchronous character register are zeroed out. When parity is enable 
synchronous word length is the data word length plus one. The CMFP will compute and apper 
the parity bit for the synchronous word when a word length of eight is selected. However, if tt 
word length is less than eight, the user must determine the synchronous word parity and wri 
it into the synchronous character register along with the synchronous character. The CMFP w 
then transmit the extra bit in the synchronous word as a parity bit. 


6.1.3 USART Control Register 


The USART control register (UCR) selects the clock mode and the character format for the recei 
and transmit sections. This register is shown in Figure 6-2. 


6.2 RECEIVER 


As data Is received on the serial input line (SI), it is clocked into an internal 8-bit shift register ur 
the specified number of data bits have been assembled. This character will then be transferred 
the receive buffer, assuming that the last word in the receiver buffer has been read. This transi 
produces a buffer full interrupt to the processor. 


Reading the receive buffer satisfies the buffer full condition and allows a new data word to 
transferred to the receive buffer when it is assembled. The receive buffer is accessed by reading t 
USART data register (UDR). The UDR is simply an 8-bit data register used,when transferring dé 
from the CMFP and the CPU. 


Each time a word is transferred to the receive buffer, its status information is latched into t 
receiver Status register (RSR}. The RSR is not updated again until the data word in the receive bt 
fer has been read. When a buffer full condition exists, the RSR should always be read before t 
receive buffer (UDR) to maintain the correct correspondance between data and flags. Otherwise. 
is possible that after reading the UDR and prior to reading the RSR, a new word could be receiv 
and transferred to the receive buffer. Its associated flags would be latched into the RSR, ov: 
writing the flags for the previous data word. Then when the RSR were read to access the stat 
information for the first data word, the flags for the new word would be retrieved. 
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CLK 


WLO, WLI 


STO, ST] 


PE 


E/O 


WU 


7 6 5 


4 3 2 1 0 
P / 


Clock Mode. When this bit is zero, data will be clocked into and out of the receiver and transmitter at the frequency 
of their respective clocks. When this bit is a one, data will be clocked into and out of the receiver and transmitter at 
one sixteenth the frequency of their respective clocks. Also, the receiver data transition resynchronization logic will 
be enabled. 


SET # +16 a) MPU writes a one 
CLEARED#=+1 a) MPU writes a zero 
b) Reset 


Word Length. These two bits specify the length of the data word exclusive of Start bits, stop bits, and parity. 


WLI WLO Word Length 

0 0 8 Bits 

0 1 7 Bits 

1 0 6 Bits 

1 1 5 Bits 
SET a) MPU writes a one 
CLEARED a) MPU writes a zero 

b) Reset 


Start/Stop Bit and Format Control. These two bits select the number of start and stop bits and also specify the 
character format. 


ST] STO Start Bits Stop Bits Format 
0 0 0 0 Sy.nchronous 
0 1 1 1 Asynchronous 
1 0 1 1” Asynchronous * 
1 1 1 2 Asynchronous 


* Only used with divide-by- 16 clock mode 


SET a) MPU writes a one 
CLEARED a) MPU writes a zero 
b) Reset 


Parity Enable When this bit is zero, no parity check will be made and no parity bit will be computed for transmis- 
sion. When this bit is a one, parity will be checked by the receiver and parity will be calculated and inserted during 
data transmission. Note that parity is not automatically appended to the synchronous character for word lengths of 
less than eight bits. In this case, the parity should be written into the synchronous character register along with the 
synchronous word. 


SET a) MPU writes a one 
CLEARED a) MPU writes a zero 
b) Reset 


Even/Odd Parity. When this bit is zero, odd parity is selected. When this bit is a one, even parity is selected. 
Set a) MPU writes a one 
CLEARED ~~ a) MPU writes a zero 

b) Reset 


Bit O “Wake-up” on idle line. When set, WU enables the wake-up function; it is cleared by ten conse- 
cutive ones or during reset. WU will not be set if the line is idle. Refer to 6.1.1.1. 


Figure 6-2. USART Control Register (UCR) 
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6.2.1 Receiver Interrupt Channels 


The USART receive section is assigned two interrupt channels. One indicates the buffer full cond 
tion, while the other channel indicates an error condition. Error conditions include overrun, parit 
error, synchronous found, and break. These interrupting conditions correspond to the BF, OE, PE 
and F/S or B bits of the receiver status register. These flags will function as described in 6.2. 
whether the receiver interrupt Channels are enabled or disabled. 


While only one interrupt is generated per character received, two dedicated interrupt channels allo 
separate vector numbers to be assigned for normal and abnormal receiver conditions. When 
received word has an error associated with it and the error interrupt channel is enabled, an interrug 
will be generated on the error channel only. However, if the error channel is disabled, an interrug 
for an error condition will be generated on the buffer full interrupt channel along with interrupts prc 
duced by the buffer full condition. The receiver status register must always be read to determin 
which error condition produced the interrupt. 


6.2.2 Receiver Status Register 


The receiver status register contains the receive buffer full flag, the synchronous strip enable, th 
receiver enable, and various status information associated with the data word in the receive buffet 
The RSR is latched each time a data word is transferred to the receive buffer. RSR flags cannc 
change again until the data word has been read. The exception is the character in progress fla 
which monitors when a new word is being assembled in the asynchronous character format. Th 
receiver Status register is shown in Figure 6-3. 


F/S 


BF Buffer Full. This bit is set when a received word is transferred to the receive buffer. This bit is cleared when the 
receive buffer is read by accessing the USART data register (UDR). This bit is read only. 
SET a) Received word transferred to buffer 
CLEARED _ a) Receive buffer read 
b) Reset 


OE Overrun Error. An overrun error occurs when a received word is due to be transferred to the receive buffer, but the 
receive buffer is full. Neither the receive buffer nor the RSR is overwritten. The OE bit is set after the receive buffer 
full condition is satisfied by reading the UDR. This error condition will generate an interrupt to the processor. The 
OE bit is cleared by reading the RSR. New data words will not be assembled until the RSR is read. 


SET. a) Incoming word received and receive buffer full 
CLEARED ai Receiver status register read 
b) Reset 
PE Parity Error. This bit is set when the word transferred to the receive buffer has a parity error. This bit is cleared when 
the word transferred to the receive buffer does not have a parity error. 
SET a) Word in receive buffer has a parity error 
CLEARED ~ a) Word in receive buffer does not have a parity error 
b) Reset 
FE Frame Error. A frame error exists when a non-zero data word is not followed by a stop bit in the asynchronous 


character format. The FE bit is set when the word transferred to the receive buffer has a frame error. The FE bit is 
cleared when the word transferred to the receive buffer does not have a frame error. 


| SET a) Word in receive buffer has a frame error 
CLEARED ~ a) Word in receive buffer does not have a frame error 
b) Reset 


Figure 6-3. Receiver Status Register (RSR) (Sheet 1 of 2) 
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F/S or B Found/Search or Break Detect. In the synchronous character format this bit can be set or cleared in software. 
When the bit is a zero, the USART receiver is placed in the search mode The incoming data is compared to the syn- 
chronous character register (SCR) and the word length counter is disabled. The F/S bit will automatically be set 
when a match ts found and the word length counter will be enabled. An interrupt will also be produced on the 
receive error channel. 

SET a) Incoming word matches synchronous character 
CLEARED = a) MPU writes a zero 
b) Incoming word does not match synchronous character 
c) Reset 


In the asynchronous character format, this flag indicates a break condition. A break is detected when an all zero 
data word with no stop bit is received. The break condition continues until a non-zero data bit is received. The B bit 
is set when the word transferred to the receive buffer is a break indication. A break condition generates an interrupt 
to the processor. This bit is cleared when a non-zero data bit is received and the break condition has been acknowl- 
edged by reading the RSR at least once. An end of break interrupt will be generated when the bit Is cleared. 


SEL a) Word in receive buffer is a break 
CLEARED a) Break terminates and receiver status register read since beginning of break condition 
b) Reset 
M or CIP Match/ Character in Progress. In the synchronous character format, this flag indicates that a synchronous character 


has been received. The M bit is set when the word transferred to the receive puffer matches the synchronous 
character register. The M bit is cleared when the word transferred to the receive buffer does not match the syn- 
chronous character register. 


SET a) Word transferred to receive buffer matches the synchronous character 
CLEARED ~~ a) Word transferred to receive buffer does not match synchronous character 
b) Reset 


In the asynchronous character format, this flag indicates that a word is being assembled. The CIP bit is set when a 
Start bit is detected. The CIP bit is cleared when the final stop bit has been received. 


SET a) Start bit is detected 
CLEARED a) End of word detected 
b) Reset 
SS Synchronous Strip Enable. When this bit is a one, data words that match the synchronous character register will 


not be loaded into the receive buffer and no buffer full condition will be produced. When this bit is a zero, 
data words that match the synchronous character register will be transferred to the receive buffer and 
a buffer full condition will be produced. 


SET a) MPU writes a one 
CLEARED ~~ a) MPU writes a zero 
b) Reset 
RE Receiver Enable. When this bit is a zero, the receiver will be immediately disabled. All flags will be cleared When 
this bit iS a one, normal receiver operation is enabled. This bit should not be set to a one until the receiver clock is 
active. 
SET a) MPU writes a one 


b) Transmitter is disabled in auto-iturnaround mode 
CLEARED a) MPU writes a zero 
b) Reset 


Figure 6-3. Receiver Status Register (RSR) (Sheet 2 of 2) 


2.3 Special Receive Considerations 


Yertain receive conditions relating to the overrun error flag and the break detect flag require further 
xplanation. Consider the following examples: 
1) A break is received while the receive buffer is full. 
This does not produce an overrun condition. Only the B flag will be set after the receiver 
buffer is read. 
2) A new word is received and the receive buffer is full. A break is received before the receive 
buffer is read. 
Both the B and OE flags will be set when the buffer full condition is satisfied. 
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6.3 TRANSMITTER 


The transmit buffer is loaded by writing to the USART data register (UDR). The data word will b: 
transferred to an internal 8-bit shift register when the last word in the shift register has beet 
transmitted. This will produce a buffer empty condition. If the transmitter completes the transmis 
sion of the word in the shift register before a new word is written to the transmit buffer, an underru 
error will occur. In the asynchronous character format, the transmitter will send a mark until th 
transmit buffer is written. In the synchronous character format, the transmitter will continuousl 
send the synchronous character. 


The transmit buffer can be loaded prior to enabling the transmitter. After the transmitter is enabled 
there is a delay before the first bit is output. The serial output line (SO} should be programmed to b: 
high, low, or high impedance when the transmitter is enabled to force the output line to the desire: 
State until the first bit is shifted out. Note that a one bit will always be transmitted prior to the wor 
in the transmit shift register when the transmitter is first enabled. 


When the transmitter is disabled, any word currently being transmitted will continue to completion 
However, any word in the transmit buffer will not be transmitted and will remain in the buffer. So 
no buffer empty condition will occur. If the buffer is empty when the transmitter is disabled, th 
buffer empty condition will remain, but no underrun condition will be generated when the word t 
transmission is completed. If no word is being transmitted when the transmitter is disabled, th 
transmitter will stop at the next rising edge of the internal shift clock. 


In the asynchronous character format, the transmitter can be programmed to send a break. Th 
break will be transmitted once the word currently in the shift register has been sent. If the shif 
register is empty, the break command will be effective immediately. An END interrupt will b 
generated at every normal character boundary to aid in timing the break transmission. The brea 
will continue until the break command is cleared. 


Any character in the transmit buffer at the start of a break will be transmitted when the break is ter 
minated. If the transmit buffer is empty at the start of a break, it may be written at any time durin 
the break. If the buffer is still empty at the end of the break, an underrun condition will exist. 


Disabling the transmitter during a break condition causes the transmitter to cease transmission o 
the break character at the end of the current character. No end of break stop bit will be transmitted 
Even if the transmit buffer is empty, no buffer empty condition will occur nor will an underrun con 
dition occur. Also, any word in the transmit buffer will remain. 


6.3.1 Transmitter Interrupt Channels 


The USART transmit section is assigned two interrupt channels. One channel indicates a buffe 
empty condition and the other channel indicates an underrun or end condition. These interruptin 
conditions correspond to the BE, UE, and END flag bits of the transmitter status register (TSR). Th 
flag bits will function as described in 6.3.2 whether their associated interrupt channel | 
enabled or disabled. 


6.3.2 Transmitter Status Register 


The transmitter status register contains various transmitter error flags and transmitter control bit 
for selecting auto-turnaround and loopback mode. The TSR is shown in Figure 6-4. 
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BE 


UE 


AT 


END 


igs 


—: 6 5 4 3 2 1 0 
Address 2D 
ie L BE | ve | at | eno | 8 fo 4 [| tc | te | 
Buffer Empty. This bit is set when the word in the transmit buffer is transferred to the transmit shift register. This bit 
is cleared when the transmit buffer is reloaded by writing to the USART data register (UDR). 


SET a) Transmit buffer contents transferred to transmit shift register 
CLEARED a) Transmit buffer written 


Underrun Error. This bit is set when the word in the transmit shift register has been transmitted before a new word !s 
loaded into the transmit buffer. This bit is cleared by reading the TSR or by disabling the transmitter. This bit does 
not need to be cleared before writing to the UDR. 
SET a) Transmit shift register contents transmitted before transmit buffer written 
CLEARED ~ a) Transmitter status register read 

b) Transmitter disabled 


Auto-Turnaround. When this bit is set, the receiver will be enabled automatically after the transmitter has been 
disabled and the last character being transmitted 1s completed. 

SET a) MPU writes a one 

CLEARED — a) Transmitter disabled 


End of Transmission. When the transmitter is disabled while a character is being transmitted, the END wiil be set 
after the character transmission is complete. If no word Is being transmitted when the transmitter is disabled, the 
END bit will be set immediately. The END bit is cleared by reenabling the transmitter. 

SEL a) Transmitter disabled 

CLEARED — a) Transmitter enabled 


Break. This bit has no function in the synchronous character format. In the asynchronous character format, when 
this bit is set to a one, a break will be transmitted upon the completion of the transmission of any word in the 
transmit shift register. A break consists of an all zero data word with no stop bit. When this bit is cleared by soft- 
ware, the break indication will cease and normal transmission will resume. Note that when B is set, BE cannot be 
set. 

SET a) MPU writes a one 

CLEARED ~~ a) MPU writes a zero 


High and Low. These control bits configure the transmitter output (SO) when the transmitter is disabled. These bits 
also force the transmitter output after the transmitter is enabled until END ts cleared. 


a ‘C. Output State 
0 0 High Impedance 
0 1 Low 

1 e) High 

] 1 Loopback Mode 


Loopback mode internally connects the transmitter output to the receiver input and the transmitter clock to the 
receiver clock internally. The receiver clock (RC) and the serial input (Si) are not used. When the transmitter is 
disabled, SO is forced high. 

Sev. a) MPU writes a one 

CLEARED ~~ a) MPU writes a zero 


Transmitter Enable. When this bit !s cleared, the transmitter is disabled. The UE bit will be*cleared and the END bit 
will be set. When this bit is set, the transmitter is enabled. The transmitter output will be driven according to the H 
and L bits until transmission begins. A one bit will be transmitted before the transmission of the word tn the transmit 
shift register 1s begun. 


SEL a) MPU writes a one 
CLEARED a) MPU writes a zero 
b) Reset 


Figure 6-4. Transmitter Status Register (TSR) 
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6.4 DMA OPERATION 


USART error conditions are only valid for each character boundary. When the USART perforrr 
block data transfers by using the DMA handshake lines RR (receiver ready) and TR (transmitt 
ready), errors must be saved and checked at the end of a block. This is accomplished by enablin 
the error channel for the receiver or transmitter and by masking interrupts for this channel. Once th 


transfer is complete, interrupt pending register A is read. Any pending receiver or transmitter errc 
indicates an error in the data transfer. 
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SECTION 7 
ELECTRICAL CHARACTERISTICS 


This section contains the electrical specifications and associated timing information for the 
TS68HC901 multi-function peripheral. 


7.1 MAXIMUM RATINGS 


Supply Voltage 0.31070 | Vv | 
Input Voltage ~0.3 to 7.0 | 


V 
In V 
TA Tite Tp a © 
0 to +70 
-40 to +85 
TSGBHC901M —55 to +125 
ss 






This device contains circuitry to protect 
the inputs against damage due to high 
Static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum-rated voltages to 
this high-impedance circuit. Reliability of 
operation is enhanced if unused inputs 
are tied to an appropriate logic voltage 
level (e.g., either Vcc or GND). 






Operating Temperature Range 
TS68HC901C 
TS68HC901 V 






Storage Temperature — 65 to 150 coe 
[Power Sisspaton [Pp 


7.2 THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance 


Ceramic 
Plastic 





7.3 POWER CONSIDERATIONS 


The average chip-junction temperature, TJ, in °C can be obtained from: 
TJ=TA+(PDe AJA) (1) 
Where: 

TA= Ambient Temperature, °C 
6jJA= Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD=PINT+PI/O 
PINT=Icc x Vcc, Watts — Chip Internal Power 
P1/O = Power Dissipation on Input and Output Pins — User Determined 

For most applications P|/Q< PINT and can be neglected. 


An approximate relationship between Pp and Ty (if Pj/o is neglected) is: 


Pp=K+(Ty + 273°C) (2) 
solving equations 1 and 2 for K gives: 
K = Ppe(TA+ 273°C) +65a PpZ (3) 
Where: 


K iS a constant pertaining to the particular part. K can be determined from equation (3) by 
measuring Pp (at equilibrium) for a known TA. Using this value of K the values of Pp and TJ 
can be obtained by solving equations (1) and (2) iteratively for any value of TA. 
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7.4 DC ELECTRICAL CHARACTERISTICS 
(TA= Ti toTH Vcc=-5 V +9%,unless otherwise noted) 


Characteristic SSSSCSCSCSC~CSC~wdSS yb [Min | Max [Unit 
Input High Voltage except XTAL1, XTAL2 | Vin | 20 [Vpp+0 3 UV 


Input High Voltage XTAL1, XTAL2 | Vin \Vpp-1 5\Vppt0.3 
Input Low Voltage 


Output High Voltage, Except DTACK (loy = — 120 pA) 
Output Low Voltage, Except OTACK (Io, = 2 0 mA) 


Power Supply Current (Outputs Open) eee Ge eed a oe mA 













Input Leakage Current (Vi, =0 to Vcc) . Ih y | = {| +10 | uA 
Hi-Z Output Leakage Current in Float (Voy, = 2.4 to Vcc) ILOH | - {| 10 | pA 





Tivo. [=| 10 [#A 
ios | — | 00 | A 
ow [=m 


Pull Dawn Resistor Rupx | 1 MQ 


Hi-Z Output Leakage Current in Float (Voy, = 0 5 V) 
DTACK Output Source Current (Voy = 2 4 V) 
DTACK Output Sink Current (Voy,= 0.5 V) 











7.5 CAPACITANCE (TA = 25°C, f= 1 MHz, unmeasured pins returned to ground) 


Symbol | _Min | 
Input Capacitance | Cin | = | 
Hi-Z Output Capacitance | | Cour | - | 


+ 










V, 


RU = 2.25 kN 
iRQ 


5 
T Cy = 100 pF 


Figure 7-1. IRQ Test Load 
+5V 


Ry for all outputs except DTACK 
MMD6150 Or C, = 100 pF 
Equivalent R_ = 20 kQ 
Test R;1=1.90 kQ 
Point 
for OTACK 
Cy = 130 pF 


Ry =6 kQ 
MMD7000 Or | R,=7400 


Equivalent 





Figure 7-2. Typical Test Load 
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7.6 CLOCK TIMING 


Characteristic [Symbol | Min | Max | Unit _| 
Frequency of Operation 
Clock Pulse Width 
Rise and Fall Times Rokic 2 ee ee ee 


30 pF 
| | Crystal Parameters 
— Parallel resonance fundamental mode AT cut 
Rss 150 2 (f=2.8—4.0 MHz) 
TS68HC901 Ro <300 0 (f=2.0—2.7 MHz) 
Cy =18 pF, Cryy=0.02 pF, CRr=5 pF, Lyg=96 MHz 
30 pF f (typical) = 2.4576 MHz 





si | 


Figure 7-3. CMFP External Oscillator Components 


TS68HC901 





Figure 7-3-1. CMFP External Clock Connection 
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7.7 AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0Vpct 5%, VSs = OVp¢: TA=O0°Ct 
70°C unless otherwise noted). See figures 7-4 through 7-10. 


Num Characteristic Unit 





1 CS, DS Width High 


ol 
io) 


R/W, A1-A5 Valid to Falling CS (Setup) 


Data Valid Prior to Falling CLK 
CS, |ACK Valid to falling Clock (Setup) 
CLK Low to DTACK Low 


20 ns 


ns 


3 


— 


ns 


© 


Ns 


50 ns 


a 


ns 





ns 


Ss, 
7 |S DS oct gn o TACK Tusa 


on 
Oo 


ns 
ns 


180 ns 


b 
—~ [| @ Ff NO 


2 
CS or DS High to R/W, A1-A5 Invalid (Hold Time) 
3 Data Valid from CS Low 310 
Read Data Valid to DTACK Low (Setup Time) 


—b 

— 
_ 
- 


5) 


12 ne 





—_ 
Ww 


SN OT 


10 
ns 
4 


1 ns 


120 ns 


1 
1 

15 (1) 180 

300 ns 

2 


CS, DS or IACK High to DTACK High 
SDS oy ACR 


150 ns 





1 
1 
1 


100 ns 
100 ns 


13 ( 
O 


7 
8 
1 
2 
3 


2 
0 
1) 
2 


O 
| 1000 


Ns 


1000 ns 


50 

30 
280 

50 
250 


125 


ol 
oi 


9 
2 
2 
2 ns 
2 


55 ns 


4 


oO 
oO 


100 ns 

ns 
2 CLK 
350 ns 
200 ns 
200 ns 


200 ns 


p 


450 


NO 
Ba 











25 
26 
27 
28 
oe - 


: 


2 


Transmitter Ready Delay from Falling TC 


30 (6) Timer Output Low from Rising Edge of CS or DS 


450 


4-98 


31 (2) 


oe) 
RO 


—, 


GO 


3 
3 
35 
6 


Ba 


37 


38 


39 


ff 


0 


4 


4 


Ro 


43 


AEA 
+ 


5 
46 
4 


N 


48 


49 (2) 


— 


50 


51 
2 
3 
54 


oT o 


55 
56 
57 
58 
59 


Characteristic 





Tout Valid from Internal Timeout 


Timer Clock Low Time 

Timer Clock High Time 
Timer Clock Cycle Time 
RESET Low Time 


Delay to Falling INTR from External 
Interrupt Active Transition 


Transmitter Internal Interrupt Delay from Falling 
Edge of TC 


Receiver Buffer Full Interrupt Transition Delay 
| from Rising Edge of RC 


Receiver Error Interrupt Transition Delay from 
Falling Edge of RC 


Serial In Set Up Time to Rising Edge of RC 
(Divide by one only) 


3 


Data Hold Time from Rising Edge of RC 
(Divide by one only) 


Serial Output Data Valid from Falling Edge 
of TC (+ 1) 





Transmitter Clock Low Time 





Transmitter Clock High Time 


Transmitter Clock Cycle Time 


Receiver Clock Low Time 
Receiver Clock High Time 


Receiver Clock Cycle Time 


CS, IACK, DS Width Low 


Serial Output Data Valid from Falling 
Edge of TC (+ 16) 


Cycle Time 
Pulse Width, E High 
Pulse Width, E Low 


Address, R/W Setup Time Before E 
aS Seip Time Before E 

Address Hold Time 

CS Hold Time 

Output Data Delay Time (Read) 
Data Hold Time (Read) 
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Characteristic 


a 0 
Toe | Puse wat OS hgh or ROAR Low 
Tos | rave wai ASALEHGR 
66 | bey AS Fa OS Rise or ALE Fa ORO WR FAN 
Toe | niWsountmee6S 
Tes | nAWicatme oS 
2 
z 
z 
z 
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Notes: 


1. {EO only goes low if no acknowledgeable interrupt is pending. If IEO goes low, DTACK and the data bus remain 
tri-stated. 


2. Tecik refers tothe clock applied to the CMFP CLK input pin. tc, K refers to the timer clock signal, regardless of whether 
that signal comes from the XTAL1/XTAL2 crystal clock inputs or the TAI or TBI timer inputs. 


3. If the setup time is not met, CS or IACK will not be recognized until the next falling CLK. 


4. If the setup time is met (for consecutive cycles), the minimum hold-off time of one clock cycle will be obtained. If not 
met, the hold-off will be two clock cycles. 


5. Althrough CS and DTACK are synchronized with the clock, the data out during a reed cycle is asynchronous to the 
clock, relying only on CS for timing. 


6. Spec. 30 applies to timer outputs TAO and TBO only. 
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1.7.1 AC ELECTRICAL CHARACTERISTICS - READ CYCLES 
(Vcc =5.0Vpct 5 %, Vss = 0 Voc TA = T, to TH unless otherwise noted) 


4 MHz 


Num Characteristic Unit 


1 CS, DS Width High 50 
2 R/W, A1-A5 Valid to Falling cs (Setup) 30 
4 (3) CS, IACK Valid to Falling Clock (Setup) 50 
0 





a) 


© 
=) 


5 CLK Low to DTACK Low 
CS, DS or IACK High to DTACK High 





100 ns 


3 


6 
7 
8 DTACK Low to Data Invalid (Hold Time) 
9 


oO 


3 


oO ol 
© 
3 


22 
1 


3 


© 


180 


=) 


CS, DS or IACK High to Data Tri-state 
10 CS or DS High to R/W, A1-A5 Invalid (Hold Time) 


11 (3,5) Data Valid from CS Low 
Read Data Valid to DTACK Low (Setup Time) 5 


2 
3 DTACK Low to DS, CS or IACK High (Hold Time) 
24 (4) CS, IACK Inactive to Rising Clock (Setup) 100 


Jotes: 


1 
1 


CS, DS or IACK High to DTACK Tri-state 


O17} NR 


oO 
e) 


a 


3 


3. ~=sdIf the setup time is not met, CS or [ACK will not be recognized until the next falling CLK. 


|. Ifthe setup time is met (for consecutive cycles), the minimum hold-off time of one clock cycle will be obtained. if not 
met, the hold-off will be two clock cycles. 


», Althrough CS and DTACK are synchronized with the clock, the data out during a reed cycle is asynchronous to the 
clock, relying only on CS for timing. 


+ ee 

: panne Cereal m &) 

an a 
raneee © seems | ae 


kia 
ee ed S 


C1) fe (8) 
0 <<} 
Be lol 
6 nO, 
- ¥ 
Figure 7-4. Read Cycle Timing <>) (13) 
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7.7.2 AC ELECTRICAL CHARACTERISTICS - WRITE CYCLES 
(VCC = 5.0Vpct# 5%, VSS =OVpe, TA=TLto TH unless otherwise noted) 





Num Characteristic Unit 
A. eR A See A 
CM oe 
CS eo 
| 6 | CS, DS or IACK High to DTACK High [— | 6 | — | 50 | ns 
ee So 
ee ee 
Cia | OR on D8 For Hen Haren [of = Pe | 


Notes: 


If the setup time is not met, CS or IACK will not be recognized until the next falling CLK. 


w 


> 


If the setup time is met (for consecutive cycles), the minimum hold-off time of one clock cycle will be obtained. If no 
met, the hold-off will be two clock cycles. 


CLK 











Figure 7-5. Write Cycle Timing 
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7.7.3 AC ELECTRICAL CHARACTERISTICS - INTERRUPT ACKNOWLEDGE CYCLES 
(Vcc =5.0Vpctd %, Vss = OVyoc: TA = IL to TH unless otherwise noted) 
See Figures 7-6 and 7-7. 





Num Characteristic ete on 
4 (3) CS, IACK Valid to Falling Clock (Setup) | 50 | — | so | — | os | 
5 CLK Low to DTACK Low —- 220 pF — | 90 | ons | 
6 [SOS ermcKranrooTacKnan «| — ‘| oo | — | 80 | no 
7 _[ BS oSomeRronoDTACR Tse | _— | 100 | — | 100 | os 
S| Boomer wooTesoe ———*+ — | 0 | — | 50 | om 
13 DTACK Low to DS, CS or IACK High (Hold Time) CO. ee PO. fe ne 
i [ Ritoworaimecxiseun iY | | | — | oe 
16 [ona vonstomCoatowiben +t _— | 300 | — | 190 | ns 
17 [EO imvaistomiacKHar Dee |__| 160 | — | 100 | me 
18 | DTA Low trom clocranOon «|_| 180 | — | 100 | rs 
20_[ Daavaiairomtluowieen ————*+d|_— | 220 | — | 40 | oo 
| Gootyetme «dC | 000 | 25 | 1000 |e 
2 | coawanwen Sid to | — oe | fo 
Notes 


| If the setup time is not met, CS or IACK will not be recognized until the next falling CLK. 


If the setup time is met (for consecutive cycles), the minimum hold-off time of one clock cycle will be obtained. If not 
met, the hold-off will be two clock cycles. 
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Note: CS and [ACK must be a function of DS 


Figure 7-7. Interrupt Acknowledge Cycle (IE! High) 
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1.7.4 AC ELECTRICAL CHARACTERISTICS - 6800 INTERFACE TIMING (Vcc =5.0 Vong 
+ 5%, VSS = OVO c: TA = O°C to 70°C unless otherwise noted). See figure 7-8. 


52 Pulse Width, E High 430 | — | — | ns | 
53 Pulse Width, E Low a eae 
54 Address, R/W Setup Time Before E 


CS Setup Time Before E 
56 Address Hold Time 


57 CS Hold Time 


58 Output Data Delay Time (Read) 
59 Data Hold Time (Read) 


oO 
on 


60 Input Data Setup Time (Write) 


eee ep hE 


ie) —_ 
© 


m 

a 
| 

© 


Data Hold Time (Write) 
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Figure 7-8. 6800 Interfacing Timing 
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7.7.5 AC ELECTRICAL CHARACTERISTICS - MULTIPLEXED BUS TIMING (Vcc =5.0V} 
+ 5%, VSS = 0 Voc TA = O°C to 70°C unless otherwise noted). See figures 7-9, 7-1C 


Characteristic 


Cycle Time 
Pulse Width DS Low or RD/WR High 
Pulse Width DS High or RD/WR Low 


Unit 


3 
wn 


R/W Hold Time to DS 
2 
2 
0 
0 
0 


62 
63 350 
340 
| 65 
30 
67 30 





250 


Delay Data to DS or RD (Read) 


Data Hold Time to DS or WR (Write) 2 


cL Sele l=3f=l eels eh 


Data Hold Time to DS or RD (Read) 
CE Setup Time to AS/ALE Fall 2 
CE Hold Time to DS, RD or WR 2 


as i } 
@ 


70 
71 
72 
73 
74 
75 
76 
77 


=] 
n 


fi Figure 7-9. Multiplexed Bus Timi 
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Figure 7-10. Multiplexed Bus Timing - Intel Type 
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INTR 


Note: Active edge is assumed to be the rising edge 


Figure 7-11. Interrupt Timing 


cs/0S 
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Figure 7-12. Port Timing 
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RC 





” amen 
G9) 


SI 
(DIVIDE 
BY ONE 

MODE ONLY) 


Figure 7-13. Receiver Timing 


Lie 





SO (DIVIDE BY 1 MODE) 


Figure 7-14. Transmitter Timing 
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XTALI/XTAL2 





CS/DS/TACK 


-———___ 


INTERNAL TIMEOUT 


TAO/TBO/TCO/TDO 


Figure 7-15. Timer Timing 


RESET 


Figure 7-16. Reset Timing 
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7.8 TIMER AC CHARACTERISTICS 
Definitions: 
Error= Indicated time value — actual time value 


tpsc= tCLK x Prescale Value 


Internal Timer Mode: 


Single Interval Error (Free Running) (See Note2) .........0.0 200.000 00 eee + 100 ns 
Cumulative: Internal EmOl ik <6 be vee od ais oe dene nd ecko Gay Ae pl ee hk « oad eh BIR ak VERE 0 
Error Between Two Timer Reads .................0. 000 cece eee +(tpsc — 4 tCLK) 
Start Timer to Stop Timer Error.................. 2 2 tCLK + 100 ns to — (tpsc + 6 tCLk + 100 ns) 
Start Timer to Read Timer Error ...........0..0 0.00.00 000 0000 0 to — (tpsc + 6 tCLK + 400 ns) 
Start Timer to Interrupt Request Error (See Note3)............ —2tCLk to —(4 tcLK + 800 ns) 
Pulse Width Measurement Mode: 
Measurement Accuracy (See Note 1) ..............0 0.00.00 .00005. 2 tCLK to —(tpsct+ 4 tCLk) 
MIntindin Pulse WIG oss0r a conte helen es Fo Reh eS a eee Raia ee Sat Sinead 4tCLK 
Event Counter Mode: 
Minimum Active Time of TAland TBI .............0000 000000 cc 4tCLK 
Minimum Inactive Time of TAland TBI ...........00000 0.000000. 00 cee 4tCLK 
NOTES: 


1. Error may be cumulative if repetitively performed. 
2. Error with respect to tout or IRQ if note 3 is true. 
3. Assuming it is possible for the timer to make an interrupt request immediately. 
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SECTION 8 
MECHANICAL DATA AND ORDERING INFORMATION 


This section contains the pin assignments, package dimensions, and ordering information fe 
the TS68HC901. 


PIN ASSIGNMENTS 


R/W 
RS1 
RS2 46 [] DTACK 
RS3 ) 
RS4 
RS5 


TS68HC901. 
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PHYSICAL DIMENSIONS 


@ man em 2 54(2) 


: —4 CB-229 


(1) Nominal dimension 
(2) True geometrical position 





P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 
C SUFFIX 
CERAMIC PACKAGE 





Pin tidentification 


\ 
‘a 


CB-522 


We 


EN 





19.94 
20,19 
FN SUFFIX 
52 pins PLCC 52 





MO-047-AD 
JEDEC SITELESC 
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ORDERING INFORMATION 
STANDARD VERSIONS 


Frequency Temperature 
Pack T 
ackage Type (MHz) Range Part Number 


Ceramic DIL O°C to + 70°C —TS68HC901CC4 
0°C to + 70°C TS68HC901CC5 
C Suffix — O°C to + 70°C TS68HC901CC8 


Plastic DIL O°C to + 70°C TS68HC901CP4 
O°C to + 70°C TS68HC901CP5 
P Suffix O°C to + 70°C TS68HC901CP8 


PLCC O°C to + 70°C TS68HC901CFN4 
O°C to + 70°C TS68HC901CFNS5 


FN Suffix , O°C to + 70°C TS68HC901 CFN8 





Hi-REL VERSIONS 


In order to fit more closely to customer specific requirements, THOMSON SEMICONDUCTEURS 
is proposing different screening levels for its Hi-REL ranges. 


G/B screening : Available only from THOMSON SEMICONDUCTEURS, this quality level, very 
close to the MIL-STD-883, is a cost effective alternative for customers who 
want to buy Hi-REL devices (low guaranteed AQL). The G/B level is in full 
accordance with the NFC96883 class G. 


B/B screening : Full accordance with the MIL-STD-883 Rev. C, class B (US), the CECC 90,000 
class B (european) and with the NFC96883 class B (French). 


Details on screening procedures for these levels of selection are available on request (please contact 
our sales representatives). 


Frequency Temperature 
Pack T 
ackage Type (MHz) Range Part Number 


Ceramic DIL — 40°C to + 85°C TS68HC901VC4 
C Suffix — 55°C to + 125°C TS68HC901MC4 


— 40°C to+ 85°C | TS68HC901VCG/B4 

— 40°C to+ 85°C | TS68HC901VCB/B4 
— 55°C to+ 125°C |TS68HC901MCG/B4 
— 55°Cio+ 125°C | TS68HCSO1MCB/B4 | 
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CHAPTER 5 - MICROCOMPUTER 
PERIPHERALS 


MICROCOMPUTER PERIPHERALS SELECTION GUIDE 


Part number Description Technology 
MK3801-0 Serial Timer Interrupt (STI) Controller - NMOS 
MK3801-4 Full duplex USART - Two binary delay timers - 
MK3801-6 Two full feature timers - Eight general purpose 

lines - Full control of each interrupt channel 
MK3831 MCU - Real time clock - Serial /O - 24 x 8 RAM- CMOS 
MK3835 High speed shift clock - Low power CMOS - 


TTL compatible 
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Alt source 


CLK freq. Page 
(MHz) 


25 5-3 
4 
6 

4.19 5-19 
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COMPONENTS 


he 


MOSTEK 















FEATURES 


C) Full duplex USART with programmable DMA control 
signals 


© Two binary delay timers 


(1 Two full feature timers with 
e Delay to interrupt mode 
e Pulse width measurement mode 
e Event counter mode 


O Eight general purpose lines with 
e Full bi-directional |/O capability 
e Edge triggered interrupts on either edge 


O Full control of each interrupt channel 
e Enable/disable 
e Maskable 
e Automatic end-of-interrupt mode 
e Software end-of-interrupt mode 


O 2.5, 4 MHz, and 6 MHz versions available 


INTRODUCTION 


The MK3801 Z80 STI (Serial Timer Interrupt) is a 
multifunctional peripheral device for use in 280 micro- 
processor based systems. It is designed to optimize current 
systems by reducing chip count and system costs. By 
providing a USART, four timers (two binary and two full 
function), and eight bi-directional !/O lines with individually 
programmable interrupts, the MK3801 can make sub- 
stantial improvement to any Z80 based system. 


Control and operation of the MK3801 are provided by 24 
internal registers accessible by the Z80 bus. Sixteen of 
these registers are directly addressable and accessible; 
eight are indirectly addressable. Two of the four timers 
provide full service features, while the other two provide 
delay timer features only. Serial Communication is provided 










SERIAL TIMER INTERRUPT CONTROLLER 


DEVICE PINOUT 


Figure 1 





TAO 1 Vec 
TBO []} 2 RC 
Tco [] 3 SI 
ToDo (] 4 SO 
TcLK [] 5 TC 
mi LI 6 Ao 
RESET 7 A, 
lo 8 A, 
he MK3801 A; 

\, 280-STI WR 

1, CE 
I, RD 

I D, 

lg D, 

I, D, 
161 C416 D, 
INT L917 D, 
1cEO | 418 D, 
lORO [419 D, 
Vss L]20 Dy 





by the USART, which is capable of either asynchronous or 
synchronous operation, optional sync word recognition and 
stripping, and programmable DMA control handshake lines. 
Eight bi-directional! I/O lines provide parallel |/O capability 
and individually programmable interrupt Capability. The 
interrupt structure of the device is fully programmable for all 
interrupts, provides for interrupt vector generation, 
conforms to the Z80 daisy chain interrupt priority scheme, 
and supports automatic end of interrupt functions for the 
Z80. 
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SIGNAL NAME DESCRIPTION 
Vs Ground 
Vec +5 volts (+ 5 percent) 
cE Chip Enable (Input, active low) 
RD Read Enable (input, active low) 
WR ~ Write Enable (Input, active low) : 
Ag A3 Address Inputs. Used to address one of the internal registers satis a Head or r write 
operation 
Do-Dz Data Bus (bi-directional) | 
RESET Device Reset (Input, active low). When activated, all internal registers (except for Timer or 
USART Data registers) will be cleared, all timers stopped, USART turned off, all 
interruptsdisabled and all pending interrupts cleared, and all 1/O lines placed in tri-state 
input mode. 
lo-ly General purpose I/O and interrupt lines 
INT Interrupt Request (Output, active low, open drain) 
IORQ Input/Output Request from Z80-CPU (input, active low). The 1ORQ signal is used in 
conjunction with M1 to signal the MK3801 that the CPU is acknowledging its interrupt. 
1EI Interrupt Enable In, active High 
IEO Interrupt Enable Out, active High 
SO Serial Output 
S| Serial Input 
RC Receiver Clock Input 
TC Transmit Clock Input 
TAO-TDO Timer Outputs 
TCLK Timer Clock Input 
M1 Z80 Machine Cycle One (Input, active low) 


PIN DESCRIPTION 


Figure 1 illustrates the pinout of the MK3801. The functions 
of these individual pins are described above. 


INTERNAL ORGANIZATION 


Figure 2 illustrates the MK3801 internal organization, 
which supports the full set of timing, communications, 
parallel 1/O, and interrupt processing functions available in 
the device. 


CPU BUS I/O 


The CPU BUS I/O provides the means of communications 
between the system and the MK3801. Data, Status, and 
Control Registers in the MK3801 are accessed by the busin 
order to establish device parameters, assert control, and 
transfer status and data between the system and the 
MK3801. | 


Each register in the MK3801 is addressed over the address 
bus in conjunction with Chip Enable (CE), while data is 
transferred over the eight bit Data bus under control of Read 
(RD) and Write (WR) signals. 


REGISTER ACCESSES 
All register accesses are independent of any system clock. 


To read a register, both CE and RD must be active. The 
internal read control signal is essentially the combination of 


both CE and RD active; thus the read operation will begin 
when the later of these two signals goes active and will end 
when the first signal goes inactive. The address bus must be 
stable prior to the start of the operation and must remain 
stable until the end of the operation. Unless a read operation 
or an interrupt acknowledge cycle is in progress, the data 
bus (Dp-D7) will remain in the tri-state condition. 


To write a register, both CE and WR must be active. The 
address must be stable prior to the start of the operation and 
must remain stable until the end of the operation. The data 
must be stable prior to the end of the operation and must 
remain stable until the end of. the operation. The data 
presented on the bus will be latched into the register shortly 
after either WR or CE goes inactive. 


INTERNAL REGISTERS 


There are 24 internal registers used to control the operation 
of the STI. Sixteen of these registers are directly 
addressable and accessible. Eight registers are indirectly 
addressable via the Pointer/Vector Register and accessible 
via the Indirect Data Register. 


DIRECTLY ADDRESSABLE REGISTERS 


The Directly Addressable Registers are accessed by placing 
the address of the desired register on the address lines 
(Ap-A3) during a write or read cycle. Figure 3 lists the 
Directly Addressable Registers. 


INTERNAL ORGANIZATION 

















Figure 2 RESET 
TCLK 
INTERNAL CONTROL 
LOGIC 
TCO 
TIMERS 
C&D 
TDO 
DATA (8) 
TAO 
TIMERS 
A&B 
ADDR (4) C TBO 
U 
oon i sl 
CE re 
| RC 
_ : USART 
RD SO 
ae TC 
WR 
GENERAL 
PURPOSE Ib-, 
1/O - INTRPT 
INTERRUPT 
CONTROL 
M1 1OROQ 1E1 iEO INT 
DIRECTLY ACCESSIBLE REGISTERS 
Figure 3 


ADDRESS ABBREVIATION REGISTER NAME 


Indirect Data Register 


GPIP General Purpose |/O-Interrupt 


IPRB Interrupt Pending Register B 


IPRA interrupt Pending Register A 


ISRB Interrupt in-Service Register B 


ISRA Interrupt in-Service Register A 


Interrupt Mask Register B 


IMRA Interrupt Mask Register A 
PVR Pointer/Vector Register 


TABCR Timers A and B Control Register 


+d 
a 


DIRECTLY ACCESSIBLE REGISTERS (Continued) 
Figure 3 


ADDRESS 















ABBREVIATION 
TBDR 


TADR 






INDIRECTLY ADDRESSABLE REGISTERS 
Figure 4 


Receiver Status Register 


Transmitter Status Register 


INDIRECT ADDRESS ABBREVIATION REGISTER NAME 





NOoh ond — 0 


INDIRECTLY ADDRESSABLE REGISTERS 


Indirectly Addressable Registers are addressed by placing 
the indirect address in bits IAO-IA2 of the Pointer/Vector 
Register, as defined in Figure 5. Data may be written to or 
read from the register indicated by these Indirect Register 
Address bits by a write or read access of the Indirect Data 
Register (selected when Aj-Az are all zero). The indirect 
address bits of the Pointer/Vector Register will remain 
unchanged after an indirect access. Repeated accesses of 
the Indirect Data Register will access the same indirect 
register as long as the indirect address in the 
Pointer/Vector Register remains unchanged. The Indirectly 
Addressable Registers are listed in Figure 4. 


INTERRUPT VECTOR DEFINITION 


Each individual function in the MK3801 is provided with a 
unique interrupt vector that is presented to the system 
during the interrupt acknowledge cycle. The interrupt vector 
returned during interrupt acknowledge is formed as shown 
in Figure 6. There are 16 vector addresses generated 
internally by the MK3801, one for each of the 16 interrupt 
channels. The three most significant bits of these vector 
addresses correspond to the three most significant bits of 
the Pointer/Vector Register shown in Figure 5. The least 
significant bit of each vector address is always O, thus 
producing even vector addresses. The remaining 4 bits (IV, 


Sync Character Register 

Timer D Data Register 

Timer C Data Register 

Active Edge Register 

Interrupt Enable Register B 
Interrupt Enable Register A 
Data Direction Register 

Timers C and D Control Register 


through IV) identify each of the 16 interrupt channels 
individually. The lowest priority channel responds with 
0000 for !V,-IV, respectively. The next higher priority 
channel responds with 0001, and so on in binary order, with 
the highest priority channel responding with 1111. Figure 7 
lists each of the 16 interrupt channels in order of 
descending priority. 


INTERRUPT CONTROL REGISTERS 


The Interrupt Control Registers provide control of interrupt 
processing for all I/O facilities of the MK3801. These 
registers allow the programmer to enable or disable any or 
all of the 16 interrupts, provide masking for any interrupts, 
and access to the pending or in-service status of the 
interrupts. Optional End-of-Interrupt modes are available 
under software control. The format of each of the Interrupt 
Control Registers is presented in Figure 8. 


INTERRUPT OPERATION 


The Interrupt Enable Registers enable or disable the setting 
of an interrupt in the Interrupt Pending Registers. A O ina 
bit of the Interrupt Enable Registers disables the interrupt 
for the associated channel while a 1 enables the interrupt. 


Once an interrupt is enabled, the occurrence of an 
interrupting condition on that channel will cause the 


POINTER/VECTOR REGISTER (PVR) Port 08 
Figure 5 





INTERRUPT VECTOR 
Figure 6 





corresponding bit in the Interrupt Pending Register to be set. 
This indicates that an interrupt is pending in the MK3801. 


Pending interrupts are presented to the Z80 CPU in order of 
priority (see Figure 1) unless they have been masked off. 
This is done by clearing the bit in the Interrupt Mask 
Register corresponding to the channel whose interrupt is to 
be masked. The channel's interrupt will remain pending 
until the mask bit for that channel is set, at which time the 
interrupt for that channel will be processsed in order of 
priority. 


When an interrupt vector is generated for a pending 
interrupt and passed to the Z80 CPU, the bit in the Interrupt 
Pending Register, associated with the channel generating 
the interrupt, will be cleared. At this time, no history of the 


1A, - IA,: 


2 Address of register 


to be accessed via the IDR. 


S: In-Service Register 
Enable. 


VR,: Vector register bit can 
be used as a control bit. 
It can be written to asa 
user status flag. When the 
VR is read, it is read as 
the value that was last 
written to it by the user.. 


Upper three bits of 
interrupt vector. 
Written into the VR by 
the user.. 


Always zero 


Vector bits 1 through 4. 
Supplied by the STI based 
upon the interrupting channel. 


5-V>: 3 most significant bits. 
Copied from the Pointer/ Vector 
Register (PVR). (See Figure 5). 


interrupt remains in the MK3801. 


In order to retain historical evidence of an interrupt being 
serviced by the Z80, the In-Service Register may be enabled 
by setting the S-bit in the Pointer/Vector Register (see 
Figure 5). If the In-Service Register is enabled, the bit of the 
In-Service Register corresponding to the interrupting 
channel will be set when the interrupt vector is passed to 
the Z80. At the same time, the Interrupt Pending bit will be 
cleared since the interrupt is now in service. The In-Service 
bit will be cleared on execution of a Return-from-Interrupt 
(H'ED4D’) instruction. The In-Service Registers are directly 
addressable, and the In-Service bit for any interrupt may be 
cleared by writing to the In-Service Register if the Return- 
from-Interrupt instruction is not used. 


INTERRUPT CONTROL REGISTER DEFINITIONS 
Figure 7 


There are sixteen interrupt channels on the STI arranged in 
the following priority: 


PRIORITY CHANNEL DESCRIPTION ALTERNATE USAGE 
HIGHEST 1111 General Purpose Interrupt 7 (|) 

1110 General Purpose Interrupt 6 (Ig) 

1101 Timer A 

1100 Receive Buffer Full 

1011 Receive Error 

1010 Transmit Buffer Empty 

1001 Transmit Error 

1000 Timer B 

0111 General Purpose Interrupt 5 (Is) 

0110 General Purpose Interrupt 4 (4) TA (PW-Event) 

0101 Timer C 

0100 Timer D 

0011 General Purpose Interrupt 3 (13) TB (PW-Event) 

0010 General Purpose Interrupt 2 (I>) 

0001 General Purpose Interrupt 1 (I,) DMA (TR)TX 


LOWEST 0000 General Purpose Interrupt O (Io) DMA (RR)REC 


INTERRUPT CONTROL REGISTERS 


Figure 8 
INTERRUPT ENABLE REGISTERS 
ADDRESS 
7 6 5 4 3 2 1 ¢) 
indirect A GPIP TIMER RCV RCV TIMER 
Port 5 (IERA) 7 A Buffer Error B 
Full 





Indirect B ' TIMER TIMER GPIP 
Port 4 (IERB) we D 1 


INTERRUPT MASK REGISTERS 





7 6 5 4 3 2 1 0 
Port 7 A GPIP TIMER RCV RCV XMIT XMIT TIMER 
(IMRA) 7 A Buffer Error Buffer Error B 
Full Empty 


Port 6 B TIMER TIMER 
(IMR B) Cc D 


1 = UNMASKED, 0 = MASKED 
INTERRUPT PENDING REGISTERS 


7 6 5 4 3 2 1 0 
Port 3 A GPIP TIMER RCV RCV XMIT TIMER 
(IPRA) 7 A Buffer Error Error B 
Full 





Port 2 B GPIP TIMER TIMER GPIP GPIP 
(IPRB) 5 Cc D 3 2 


WRITINGO CLEAR 
WRITING 1 UNCHANGED 


INTERRUPT CONTROL REGISTERS (Continued) 


Figure 8 
ADDRESS 6 
Port 5 A 
(ISRA) 
Port 4 B 
(ISRB) 


TIMER A and B CONTROL REGISTER (TABCR) Port 9 
Figure 9 


TABCR, 





AC, - AC;: Timer A 
Control Bits 


BC, - BC,: Timer B 
Control Bits 


The four control bits are used to select the timer mode and 
prescale value, as follows: 


CONTROL BIT DEFINITION 


Cz Cy Cy, Co 

O 0) O O Timer Stopped 

0 0 O 1 Delay Mode, +4 Prescale 

0 O 1 O Delay Mode, +10 Prescale 

O O 1 1 Delay Mode, +16 Prescale 

O 1 0 O Delay Mode, +50 Prescale 

O 1 O 1 Delay Mode, +64 Prescale 

O 1 1 O Delay Mode, +100 Prescale 

O 1 1 1 Delay Mode, +200 Prescale 

1 O 0) O Event Count Mode 

1 0 0 1 Pulse Width Mode, +4 Prescale 

1 0 1 O Pulse Width Mode, +10 Prescale 
1 @) 1 1 Pulse Width Mode, +16 Prescale 
1 1 O O Pulse Width Mode, +50 Prescale 
1 1 O 1 Pulse Width Mode, +64 Prescale 
1 1 1 O Pulse Width Mode, +100 Prescale 
1 1 1 1 Pulse Width Mode, +200 Prescale 


TIMER A DATA REGISTER AND TIMER B DATA 
REGISTER (TADR, TBDR) Port B & Port A 


[| m6] os | 4 | Os] 2] | Po | 
TIMERS 


Four timers are available on the MK3801. Two provide full 
service features including delay timer operation, event 
counter operation, pulse width measurement operation, 
and pulse generation. The two other timers provide delay 
timer features only, and may be used for baud rate 
generators for use with the USART. 


All timers are prescaler/counter timers, with a common 
independent clock input, and are not required to be operated 


5 
TIMER 
A 
TIMER TIMER GPIP 
Cc D 0 


TIMER C and D CONTROL REGISTER (TCDCR) 
Indirect Port 7 
Figure 10 
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INTERRUPT SERVICE REGISTERS 


4 


RCV 
Buffer 
Full 


XMIT 
Buffer 
Empty 


3 1 O 
RCV XMIT TIMER 
Error Error B 





TCDCR, TCDCR, 


TIMER A | CC, | CC, {CC, | TIMERB{ DC, | DC, | DC, 
RESET RESET 
—_—— 


cc, - CC: Timer C 
Control Bits 





DC, - DC;: Timer D 
Control Bits 


Three control bits are used to control each timer, as defined 
below: 


CONTROL BIT DEFINITION 


0 e) O Timer Stopped 

0) 0 1 Delay Mode, +4 Prescale 

0 1 O Delay Mode, +10 Prescale 
O 1 1 Delay Mode, +16 Prescale 
1 O O Delay Mode, +50 Prescale 
1 O 1 Delay Mode, +64 Prescale 
1 1 O Delay Mode, +100 Prescale 
1 1 1 Delay Mode, +200 Prescale 


TIMER C DATA REGISTER and TIMER D DATA 
REGISTER (TCDR, TDDR) Indirect, 
Port 2 and Indirect Port 1 


from the system clock. In addition, all timers have a time-out 
output function that.toggles each time the timer times out. 


TIMER CONTROL REGISTERS 


The 4 timers (A,B,C, and D) are programmed via'2 control 
registers and 4 timer data registers. Timers A and B are 
controallt by a single register (TABCR) and two timer data 
.-aisters (TADR,TBDR). Timers C and D are controlled by a 
second control register (TCDCR) and two timer data 


registers (TCDR, TDDR). Bits in the control registers allow 
the selection of operational mode, prescale, and control, 
while the data registers are used to read the timer or write 


the time constant register. General Purpose I/O Interrupt 


pins 3 (TB) and 4 (TA) are used for timer B and A inputs in 
event and pulse width modes. Figure 9 illustrates the 
Control and Data Register for timers A and B, while Figure 
10 illustrates the Control and Data registers for timers C and 
D. 


USART 


Serial Communication is provided by the USART, which is 
capable of either asynchronous or synchronous operation. 
Variable word width and start/stop bit configurations are 
available under software control for asynchronous 
operation. For synchronous operation, a Sync Word is 
provided to establish synchronization during receive 
operations. The Sync Word will also be repeatedly 
transmitted when no other data is available for 
transmission. Operational modes exist to allow stripping of 
all Sync Words received in synchronous operation, and to 
allow the operation of DMA control handshake lines by the 
USART through General Purpose !/O Port lines O and 1. 
Separate receive and transmit clocks are available, and 


USART CONTROL REGISTER (UCR) Port C 


Figure 11 
UCR, 
fad | ono 


PARITY 


ENABLED 
ON 1 


separate receive and transmit status and data bytes allow 
independent operation of the transmit and receive sections. 


USART CONTROL REGISTERS 


The USART is provided with 3 control/status registers and 
a data register. The programmer may specify operational 
parameters for the USART via the Control Register,. as 
shown in Figure 11. Status of both the Receiver and 
Transmitter sections is accessed by means of the 2 Status 
Registers, as shown in Figure 12. Data written to the Data 
Register is passed to the transmitter, while reading the data 
register will access data received by the USART. The 
USART Data Register form is illustrated in Figure 13. 


ERROR CONDITIONS 


Error conditions in the USART are determined by 
monitoring the Receive Status Register (Port D) and the 
Transmitter Status Register (Port E). These error conditions 
are only valid for each word boundary and are not latched. 
When executing block transfers of data, It is necessary to 
save any errors so that they can be checked at the end of a 
block. In order to save error conditions during data transfer, 
the STI interrupt controller may be used by enabling error 


UCR, 


DMA 
CONTROL 
ENABLE 





Enables output signals 
Receiver Ready (Bit O) 
and Transmitter Ready 
(Bit 1) on the general 
1/O Port. (See Figure 14) 


Start/ Stop bit control (format control) 


Formats 


ST, ST, Start Stop 
Bits Bits 
O 0 0 0 Sync 
Oo 1 1 1 Async 
*4 0 1 1% Async 
1 1 1 2 Async 


*NOTE: + 16 only 


Word Length Control 


WL, WL, Word Length 
0 0 8 bits 
.¢) 1 7 bits 
1 10) 6 bits 
1 1 5 bits 
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RECEIVER STATUS REGISTER (RSR) Port D 
Figure 12 





TRANSMITTER STATUS REGISTER (TSR) Port E 


TSR, 
BUFFER | UNDERRUN AUTO 
EMPTY ERROR TURNAROUND 





*Connects transmitter 
output to receiver input. 
In loopback mode, trans- 
mitter goes high when 
disabled. Also connects 
clocks with TC given 
priority. 


USART DATA REGISTER (UDR) Port F 
Figure 13 


RSR, RSR, 
BUFFER | OVERRUN | PARITY | FRAME | FOUND/SEARCH | MATCH/CHARACTER | SYNC STRIP | RECEIVER 
FULL ERROR ERROR | ERROR | OR BREAK DETECT IN PROGRESS ENABLE ENABLE 







END OF 
TRANSMISSION 





. TSR, 
BREAK Low | TRANSMITTER 
ENABLE 








H L Serial Output State 
Oo 0 Hi-Z 

Oo 1 Low (‘‘0"’) 

1 0) High 

1 1 Loop* 


GENERAL PURPOSE I/O CONTROL REGISTERS 
Figure 14 


ACTIVE EDGE CONTROL REGISTER (AER) Indirect Port 3 


1 = RISING 
O = FALLING 
DATA DIRECTION REGIST 


1 = OUTPUT 
O = INPUT 


GPIP 
7 


GPIP 
7 


ER (DDR) Indirect Port 6 


GENERAL PURPOSE I/O DATA REGISTER (GPIP) Port 1 


TIMER A 
INPUT 





interrupts (Port 5, Indirect) for the desired channel (Receive 
error or Transmit error) and by masking these bits off (Port 
7). Once the transfer is complete, the Interrupt Pending 
Register (Port 3) can be polled to determine the presence of 
a pending error interrupt, and therefore an error. 


GENERAL PURPOSE I/O - INTERRUPT PORT 


The General Purpose I/O - Interrupt Port provides eight |/O 
lines that may be operated either as inputs or outputs under 
software control. In addition, each line may generate an 
interrupt on either a positive going edge or a negative going 
edge of the input signal. 


Two of the lines in this port provide auxiliary input functions 
for the timers in the pulse width measurement mode and 
the event counter mode. Two others serve as auxiliary 
output lines for the USART, one indicating the Receive 


GPIP GPIP GPIP 
7 1 ) 
(TR) (RR) 


TIMER B 
INPUT 
Buffer Full condition (RR) and the other indicating the 
Transmitter Buffer Empty condition (TR). These may be used 
as handshake signals for a DMA controller or other external 
control circuitry. 


GENERAL PURPOSE I/O CONTROL REGISTERS 


The General Purpose |/O and Interrupt Port has 2 control 
registers. One allows the programmer to specify the Active 
Edge for each bit that will trigger the interrupt associated 
with that bit. The other register specifies the Data Direction 
(input and output) associated with each bit. The third 
register is the actual data I/O register used to input or 
output data to the port. When the USART Is programmed to 
use DMA signals, this overrides the GPIP data and the DDR. 
The General Purpose I/O Control and Data Registers are 
illustrated in Figure 14. 


MK3801 ELECTRICAL SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS 


Temperature Under Bias s2s.04 co mcnaWatctinw cae ees eoey AR alae e wae DHS Os AOS See Yaad eee Baiace -25°C to ~ 100°C 
Storage Temperature «eins evoisla a esi ei Sw eee red 4 ieee Cle A wae hs oe eR eS PAQGAS sie Sd Sanhate -65°C to - 150°C 
Voltage on Any Pin with Respect to Ground gh Otis Sae hed tee Setisd Biron dh Dede am cacmnatisg Gea e are ae gn aee Meaks -3Vto+7V 
POWER DISSIDATION 2310 siieesee e ote ea thee ee ots ach es oe See SSE ee OCS eee oak Cares Das 1.5W 


Stresses above those listed under ‘‘Absolute Maximum Ratings” may cause permanent damage to the device This 1S a stress rating only and functional operation of 
the device at these or any other condition above those indicated in the operational sections of this specification 1s not implied Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability 


D.C. CHARACTERISTICS 
Ta = OPC to 70°C, Vere = +5 V + 5% unless otherwise specified. 










TEST 











SYM PARAMETER CONDITION 
Vin Input High Voltage O 
Vit Input Low Voltage 


Output High Voltage 
a Output Low voltage 
= Power Supply Current 


Input Leakage Current 








lon | Tri-State Output Leakage Current in Float p10 | Vour=2.4 to Veq 
hou Tri-State Output Leakage Current in Float a Vout = 0.4 V 





All voltages are referenced to ground. 


CAPACITANCE 
Ty, = 25°C, f = 1 MHz unmeasured pins returned to ground. 


TEST 






Tri-state Output Capacitance 
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A.C. CHARACTERISTICS 
T, = OPC to 70°C, Veg = +5 V + 5% unless otherwise noted. 








MK3801-0 MK3801-4 MK3801-6 
































SIGNAL|SYMBOL| PARAMETER MIN MAX | MIN | MAX | UNIT! CONDITION 
Address setup time 
& prior to falling edge of 80 15 ns 
CEWR or CERD 
Address hold time 
& after rising edge of O O ns 
CEWR or CERD 


CEWR pulse width low 175 ns_ | Note 1 
(write cycle) 


CEWR high time 


between write cycles 


CEWR high to CERD 
low 















CERD pulse width low 
(read cycle) 


CERD high time 
between read cycles 


Rising M1RD to falling 
M1RD 


CERD high to CEWR 


ns |Note 1 


M1 setup time prior to 
falling IORQ during 
interrupt acknowledge 








Setup to falling |ORQ 
during interrupt 
acknowledge 















Setup prior to end of 
4D read on RETI 





65 50 45 ns |Load 
100 pf 
+ 
O 0 O ns |1 TTL load 


Data valid prior to 
rising RD (M1 cycle) 





Data hold time after 
rising RD (M1 cycle) 


Data output delay 
from CERD 


400 250 215 ns 





350 280 175 ns 








Data setup time to 
rising edge of CEWR 








Data hold time from 
rising edge of CEWR 


Data output delay from 
falling |ORQ during 
interrupt acknowledge 


300 185 170 | ns 
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A.C. CHARACTERISTICS (Continued) 











Data hold time 
following M1 [ORQ 
during interrupt 

acknowledge cycle. 


Delay to float 150 


Minimum active pulse | 200 


width 











Minimum time 200 


between active edges 


600 






Data valid from rising 
CEWR 












RR 


TR 
TAO-TDO Tp rw 
Ton 
TCLK 
Cycle time 


RESET [Teas Low time for part 3 2 
reset 
IEO 


IEO delay from rising 200 
edge of IE 
IEO delay from falling 200 
edge of IE! 
IEO delay from falling 270 
edge of M1 (interrupt 
occurring just prior to 
M1) 
Delay to rising IEO 1000 
from rising 1ORQ dur- 
ing interrupt acknow- 
ledge 
Delay to rising IEO 500 
from rising edge of RD 
during ED fetch of 
| RETI 
INT Tore Time delay from 910 
Receive Clock to 
interrupt from rising 
or falling edge 
of RC 
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710 






Delay from rising RC 
Delay from rising TC 









Load 
100 pf 

+ 

1 TTL load 


Timer output low from 
rising edge of CEWR 
(A & B) (Reset Toyz) 
Tout valid from 
internal timeout 


Low time 


High time 











A.C. CHARACTERISTICS (Continued) 


SIGNAL] SYMBOL] PARAMETER 
Tore Time delay from ns 
Transmit Clock to 
interrupt from 
rising or falling 
edge of TC 
Sl Ts; Serial in set up time 
80 80 55 ns 
Tus! 400 350 300 ns 
rising edge of RC 
(Divide by one only) 
SO 
+4 


to rising edge of RC 
(Divide by one only) 
Toso Data valid from falling 420 390 45 ns |100 pf+1 TTL 
edge of TC load 
Data valid from 520 490 ns |100 pf+ 1 
falling edge of TC TTL load 


Low time 650 500 400 ns 










UNIT| CONDITION 

























Data hold time from 






WwW 





High time 
Cycle time 


Low time 


High time 






Cycle time 


NOTE: 
1. One wait state must be inseted when used as a 6 MHz memory mapped device. 
2. AIlA.C. measurements are referenced to Vi, max., Viy min., Vog (0.8V), or (2.0 V). 
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OUTPUT LOAD CIRCUIT 
Figure 15 


TEST 
POINT Voc 


R,=2.1K 
CR,-CR, IN914 OR EQUIVALENT 


FROM OUTUPT 


UNDER TEST C, - See A.C. Characteristics 





TIMING DIAGRAMS 


Figure 16 “qe “Q" 
Timing measurements are made at the following voltages, unless otherwise specified: OUTPUT 20V O.8v 
INPUT 2.0V 0.8V 
READ CYCLE FLOAT AV = O5V 
Ay Ag 
Tsar Tar 
ae, T 
CERD nes 
Tar 
Topz 
Toro 
ToaR ~ Address Setup Time for a Read Cycle 
Torp Data Output Delay from CERD 
Topz Time to Tri-State Following a Read Cycle 
Tuan Required Address Hold Time Following a Read Cycle 
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WRITE CYCLE 


Figure 17 
Ay - A; 
Tsaw Thaw 
CEWR “a 
Tww 
T sow 


. om), 


ww © CEWR High Time Between Writes 

saw ~ Address Setup Time for a Write Cycle 

spw © Data Setup Time Prior to the End of a Write Cycle 
How © Required Data Hold Time Following a Write Cycle 
Haw © Required Address Hold Time Following a Write Cycle 


wu CEWR pulse width low 


a4 4444 


= 


INTERRUPT ACKNOWLEDGE CYCLE 
Figure 18 


SM1 


iORQ 


10L 


DDI DHV2Z 


Tio, | 'ORQ Pulse Width Low 

Tong = M1 Setup Time prior to IORQ For an Acknowledge cycle 

Top, * Access Time for Vector 

Tppz * Time to Tri-State Following a Vector 

Tonvz > Data hold time following M1 IORQ during interrupt acknowledge cycle 
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HDW 


DDZ 


TIMER A.C. CHARACTERISTICS 

Definitions: 

_ Error °- Indicated Time Value - Actual Time Value 
tpsc = toy, x Prescale Value 


Internal Timer Mode 


Voe* 

Single Interval Error (free running) (Note 2) ...... 22. ccc cece ce ree rene cee n eee ee tet at tebe teen enereeens + 100 ns 
Cumulative Interiial Error a4.06di sande ered ett hotatned coped len deena e Rete uk Paes Oils wie eee ee ge Ge ee O 
Error Between Two Timer Reads ........... 0. cece eee e tence teens reer ee eee ee + (tpsc + 4 tex) 
Start Timer to Stop Timer Error ...... 0. cece cece ence cece renee eee eees 2 tex 7 100 ns to -~(tpsc + 6tgy, | 100 ns) 
Start Timer to Read Timer Error. .......00 cece cece e ence nese nent cenee seen eenenennee O to -(tpsc + 6 te, | 400 ns) 
Start Timer to Interrupt Request Error (Note 3) 20.0... ccc cece eee eeene ~2 ter, to -(4te, +800 ns) 
Pulse Width Measurement Mode 

Measurement Accuracy (Note 1) ....... 0. cece eect e eee e eee nee tenet eee e tee eenee 2 tei, to -(tpsc + 4tc.,) 
Minimum Pulse: Width s.s:05% ccc ccews ese eects s seen none dee eee RESET EEE MRR Se ete ed bees rele ne Woes Atak 
Event Counter Mode 

Minimum Active Time of Ig, qo... cece cect cence eee enn tenn een ne teen nee eee n tenet es eo eee Ato 
Minimum Inactive Time of lg, Igo... cece ee eee een nee ene ee eee te een EES 4tck 


NOTES: 

1. Error may be cumulative if repetitively performed. 

2. Error with respect to Toy or INT if note 3 is true. 

3. Assuming it is possible for the timer to make an inte-rupt request 
immediately. 


ORDERING INFORMATION 


PART NO. DESIGNATOR PACKAGE TYPE FREQUENCY RANGE 
MK3801N-O 780-STI | Plastic = | (25 MHz Oto70°C 
MK3801N-4 780-STI Oto70°Ctt—t*S 
MK3801N-6 780-STI | Plastic = | BOMHz Oto70°Ctt™*” 
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COMPONENTS 









MOSTEK 


FEATURES 


i | Real-time clock counts seconds, minutes, hours, date 
of the month, day of the week, month, and year. Ev- 
ery 4th year, February has 29 days. 


Serial I/O for minimum pin count (8 pins) 


24 x 8 RAM for scratchpad data storage 


] Simple Microcomputer interface 





| High speed shift clock independent of crystal oscil- 
lator frequency 


| ] Single byte or multiple byte (Burst Mode) data trans- 
fer capability for read or write of clock or RAM data 


| TTL Compatible (Veg = 5V) 


} Low-power CMOS 





] MK3831 is available with fixed frequency operation 
(4.194304 MHz) and low power operation due to the 
disabling of CKO (Pin 1). 


GENERAL DESCRIPTION 


Many microprocessor applications require a real-time 
clock and/or memory that can be battery powered with 
very low power drain. The MK3835N is specifically 
designed for these applications. The device contains 
a real-time clock/calendar, 24 bytes of static RAM, an 
on-chip oscillator, and it communicates with the 
microprocessor via a simple serial interface. The 
MK3835N is fabricated using CMOS technology, thus 
ensuring very low power consumption. 


The real-time clock/calendar provides seconds, 
minutes, hours, day, date, month, and year information 
to the microprocessor. The end of the month date is au- 
tomatically adjusted for months with less than 31 days, 
including correction for leap year every 4 years. The 
clock operates in either the 24 hour or 12 hour format 
with an AM/PM indicator. 


The on-chip oscillator provides a real-time clock source 
for the clock/calendar. It incorporates a programmable 
divider so that a wide variety of crystal frequencies can 
be accommodated. The oscillator also has an output 


MK3835N ¢eMK3831N 


CMOS MICROCOMPUTER CLOCK/RAM 


a, 
CKO 1{ 18 Vee 
x1/Cl 2! }7 SCLK 
X2 3[ 16 V0 
GND 4. j5 CE 


Figure 1. Pin Out 


PIN DESCRIPTION 


Table 1 


DESCRIPTION 


Buffered System Clock Output 
Crystal or External Clock Input 
Crystal Input 

Power Supply Pin 

Chip Enable for Serial /O Transfer 
Data Input/Output Pin 

Shift Clock for Serial /O Transfer 
Power Supply Pin 


1 
2 
3 
4 
5 
6 
7 
8 





available that can be connected to the microprocessor 
clock input. A separately programmable divider pro- 
vides several different output frequencies for any given 
crystal frequency. This feature can eliminate having to 
use a separate crystal or external oscillator for the 
microprocessor, thereby reducing system cost. 


Interfacing the CLOCK/RAM with a microprocessor is 
greatly simplified using synchronous serial communi- 
cation. Only 3 lines are required to communicate with 
the CLOCK/RAM: (1) CE (chip enable), (2) I/O (data 
line) and (3) SCLK (shift register clock). Data can be 
transferred to and from the CLOCK/RAM one byte at 
a time or in a burst of up to 24 bytes. 


TECHNICAL DESCRIPTION 


Figure 2 is a block diagram of the CLOCK/RAM chip. 
Its main elements are the oscillator and divider circuit, 
divider control logic, the real-time clock/calendar, static 
RAM, the serial shift register, and the command and 
control logic. 








REAL TIME CLOCK 


1/0 


SHIFT 


DATA BUS 





REGISTER 
COMMAND ; 
SCLK AND 
CONTROL 
LOGIC 
CE 


ADDRESS & CONTROL BUS 


EXTERNAL CLOCK INPUT 
1 
mill 
x1/Cl X2 
BUFFER’ 


e 


CKO 


OSCILLATOR 
AND 
DIVIDERS 


DIVIDER 
CONTROL 
LOGIC 








24x8 RAM 


* BUFFER DISABLED IN THE MK3831 


Figure 2. Block Diagram 


The shift register is used to communicate with the out- 
side world. Data on the I/O line is either input or output 
on each shift register clock pulse when the chip is ena- 


bled. If the chip is in the. input mode, the data on the - 


I/O line is input to the shift register on the rising edge 
of SCLK. If in the output mode, data is shifted out onto 
the I/O line on the falling edge of SCLK. 


The command and control logic receives the first byte 
input by the shift register after CE goes active. 
This byte must be the command byte and will direct 
further operations within the CLOCK/RAM. The com- 
mand specifies whether subsequent transfers will be 
data input or data output, and which register or RAM 
location will be involved. 


A control register provides programmabie control of the 
divider for the internal clock signal, the external clock 
signal, the crystal type and mode, and the write pro- 
tect function. 


The real-time clock/calendar is accessed via seven dy- 
namic registers. These registers are seconds, minutes, 
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hours, day, date, month, and year. Certain bits within 
these registers also control a run/stop function, 12/24 
hour format, and indicate AM or PM (12 hour mode 
only). These registers can be accessed sequentially in 
Burst Mode, or randomly in a single byte transfer. 


The static RAM is organized as 24 bytes of 8-bits each. © 
They can be accessed either sequentially in burst 
mode, or randomly in a single byte transfer. 


POWER UP 


A time base on the crystal input pins is necessary for 
correct power up. This time base can be provided by 
a crystal or it can be derived from another generated 
clock source. It should be noted that a delay exists be- 
tween power up and the correct power up state of the 
clock and control registers. 


DATA TRANSFER 


Data Transfer is accomplished under control of the CE 


and SCLK inputs by an external microcomputer. Each 
transfer consists of a single byte ADDRESS/COMMAND 
input followed by a single byte or multiple byte (if Burst 
Mode is specified) data input or output, as specified by 
the ADDRESS/COMMAND byte. The serial data trans- 
fer occurs with LSB first, MSB last format. 


ADDRESS/COMMAND BYTE 
The ADDRESS/COMMAND Byte is shown below: 


7 6 5 4 3 2 1 0 
1 |_| aa | ag | aa | ar | ao | 
CK W 


As defined, the MSB (bit 7) must be a logical 1; bit 6 speci- 
fies a Clock/Calendar/Control register if logical 0 or a RAM 
register if logical 1; bits 1-5 specify the designated 
register(s) to be input or output; and the LSB (bit 0) speci- 
fies a WRITE operation (input) if logical O or READ oper- 
ation (output) if logical 7. 











BURST MODE 


Burst Mode may be specified for either the 
Clock/Calendar/Control registers or for the RAM registers 
by addressing location 31 Decimal (ADDRESS/COM- 


I. SINGLE BYTE TRANSFER 


SCLK 





qe 


MAND bits 1-5 = logical 1). As before, bit 6 specifies Clock 
or RAM and bit 0 specifies read or write. 


There is no data storage capability at location 31 in either 
the Clock/Calendar/Control registers or the RAM registers. 


SCLK AND CE CONTROL 


All data transfers are initiated by CE going low. After CE 
goes low, the next 8 SCLK cycles input an AD- 
DRESS/COMMAND byte of the proper format. An SCLK 
cycle is the sequence of a positive edge followed by a 
negative edge. For data inputs, the data must be valid 
during the SCLK cycle. If bit 7 is not logical 1, indicating 
a valid CLOCK/RAM ADDRESS/COMMAND, the AD- 
DRESS/COMMAND byte is ignored as are all SCLK cy- 
cles until CE goes high and returns low to initiate a 
new ADDRESS/COMMAND transfer. See Figure 3. 


ADDRESS/COMMAND bits and DATA bits are input on 
the rising edge of SCLK, and DATA bits are output on the 
falling edge of SCLK. 


A data transfer terminates if CE goes high, and the 
transfer must be reinitiated by the proper AD- 
DRESS/COMMAND when CE again goes low. The data 
/O pin is high impedance when CE is high. 


a See ESOT ce 


= 








5 





ell E TTT TTT EET TP) 





ADORESS/ COMMAND 


ll. BURST MODE TRANSFER 





eed OU) AUT ee lI ET 


i: 


1 


DATA INPUT/OUTPUT 











ie} 1 2 3 4 5 6 fs 0 J 4 5 6 7 
J DATA I/O BYTE N 


ADDRESS COMMAND 


NOTES 


1) Data input sampled while SCLK is high 
2) Data output changes on falling edge of clock 
3) Rising edge of CE terminates operation and resets address/command 


DATA 1/0 BYTE 1 














Figure 3. Data Transfer Summary 
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DATA INPUT 


Following the 8 SCLK cycles that input the WRITE Mode 
ADDRESS/COMMAND byte (bit 0 = logical 0), a DATA 
byte is input on the rising edge of the next 8 SCLK cy- 
cles (per byte, if Burst Mode is specified). Additional SCLK 
cycles are ignored should they inadvertently occur. 


DATA OUTPUT 


Following the 8 SCLK cycles that input the READ Mode 
ADDRESS/COMMAND byte (bit 0 = logical 1), a DATA 
byte is output on the falling edge of the next 8 SCLK cy- 
cles (per byte, if Burst Mode is specified). Note that the 
first data bit to be transmitted from the CLOCK/RAM oc- 
curs on the falling edge of the last bit of the command 
byte. Additional SCLK cycles retransmit the data byte(s) 
should they inadvertently occur, so long as CE remains 
low. This operation permits continuous Burst Read Mode 
capability. 


DATA TRANSFER SUMMARY 
A data transfer summary is shown in Figure 3. 


REGISTER DEFINITION 


CLOCK/CALENDAR 


The Clock/Calendar is contained in 7 writeable/readable 


registers, as defined below. 
fdcress| Function __—_|Range (@CD) 
0 
1 
2 
3 
4 
5 
6 












Seconds +Clock Halt Flag 
Minutes 
Hours/AM-PM/12-24 Mode 


Date 
Month 


Day 
Year 





Data contained in the Clock/Calendar registers is in bi- 
nary coded decimal format (BDC). 


CLOCK HALT FLAG 


Bit 7 of the Seconds Register is defined as the Clock Halt 
Flag. Bit 7 = logical 1 inhibits the 1 Hz input to the 
Clock/Calendar. Bit 7 is set to logical 1 on power-up to 
prevent counting, and it may be set high or low by writ- 
ing to the seconds register under normal operation of the 
device. 


AM-PM/12-24 MODE 


Bit 7 of the Hours Register is defined as the 12 or 24 hour 
mode select bit. When high, the 12 hour mode is select- 
ed. In the 12-hour mode, bit 5 is the AM/PM bit with logic 
high being PM. In the 24-hour mode, bit.5 is the second 
10-hour bit (20-23 hours). 


TEST MODE BITS 


Bit 7 of the Date Register and Bit 7 of the Day Register 
are Test Mode Bits utilized in testing the MK3835N. These 
bits should be logic 0 for normal operation. 


CONTROL REGISTER 


The Control Register specifies the crystal mode/frequen- 
cy to be used, the system clock output frequency, and 
the WRITE PROTECT Mode for data protection. The Con- 
trol Register is located at address 7 in the 
Clock/Calendar/Control address space. 


7 6 5 4 3 2 1 0 
[= [=] = [e [© 
CRYSTAL DIVIDER MODE 


X4 and X83 specify the Crystal frequency divider mode 
selected. 


pape Xtal Mode Primary Frequencies 


Binary 222° 221 220 Hz 

Microprocessor | 8, 5, 4, 25, 2, 1.25, 1 MHz 
Baud Rate 7.3728, 3.6864, 1.8432 MHz 
Color Burst 3.5795 MHz 


















CRYSTAL DIVIDER PRESCALER 


X2, X1, and XO specify a particular prescaler divider selec- 
tion necessary to generate a 1 Hz frequency for the 
Clock/Calendar. Refer to Table 2 for complete definition. 


SYSTEM CLOCK OUTPUT 

Ci and CO designate the system clock output frequency 
selected. The options are X, X/2, X/4, and ~ 2 kHz. When 
in the Binary Mode and C1, CO = ‘1‘ the output frequen- 
cy is 2048 Hz. In any other mode the output frequency 
is ~2048 Hz. Refer to Table 3 for complete definition. 
WRITE PROTECT 


Bit 7 of the Control Register is the WRITE PROTECT 
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Flag. Bit 7 is set to logical 1 on power-up, and it may be 
set high or low by writing to the Control Register. When 
high, the WRITE PROTECT Flag prevents a write opera- 
tion to any internal register, including the other bits of the 
Control Register. Further, logic is included such that the 
WRITE PROTECT bit may be reset to a logic 0 by a Write 
operation without altering the other bits of the Control! 
Register. 


MK3831 CONTROL REGISTER 
The MK3831 operates with the control register bits 0-6 
hardwired as shown. This results in the operating frequen- 
cy being fixed at 4.194304 MHz. 

7 6 5 4 3 2 1 0 


CLOCK/CALENDAR/CONTROL BURST MODE 


Address 31 Decimal of the Clock/Calendar/Control Ad- 


| ADDRESS COMMAND FORMAT 
7 6 


5 4 3 2 1 oO 
ead dd Ea 0.4 
Nl. REGISTER ADDRESS 
A. CLOCK 


1 


~ 
a 
ey 


5 


w 
N 


1 0 


WA 
mV 
feet eee 


SEC 


MIN 


=x 
xa 


ed ee 
re 
Ea 
ies 
I 
Ee 
x 


DATE 


° 


MONTH 


i 
EB 
ie 
RS 


o 
> 
< 


Bee 
ee 
alg 
cay oe 
ae 
ele 
ae 
N) IX 


YEAR 


CONTROL 


i 
ie 
Ee 
ie 
a 
a 
ax 


CLOCK 
BURST 


B RAM 


RAMO 


RAM 23 


fe, Jay ie 
ee 3 
ay! al 

eae a 
A 
fe i 
a Be BS 


RAM 
BURST 


Ea 
iS 
ea 
ia 
I 
ei 
EB 
aN 


REGISTER DEFINITION 


00-5 


00-59 


011 


00.23 


01-28 2 


01.30 
01.31 


01-12 


01-0 


dress space specifies Burst Mode operation. In this mode, 
the 7 Clock/Calendar Registers and the Control Register 
may be consecutively read or written. Addresses above 
address 7 (Control Register) are non-existent; only ad- 
dresses 0-7 are accessible. 


RAM 


The static RAM is contained in 24 writeable/readable 
registers, addressed consecutively in the RAM address 
space beginning at location 0. 


RAM BURST MODE 


Address 31 Decimal of the RAM address space speci- 
fies Burst Mode operation. In this mode, the 24 RAM 
registers may be consecutively read or written. Address- 
es above the maximum RAM address location are non- 
existent and are not accessible. 


REGISTER SUMMARY 


A Register, Data Format summary is shown in Figure 4. 


POWER 


7 4 RESET 


JOSEC 
Be 
10 
Sone 
EEELLL = 
10 YEAR YEAR 
SCIENES 


3 


oO 


9|CH SEC 


80 


00 


2 


9 
10 DATE DATE 01 


01 


01 


00 





AO 
A2 (MK3831) 


Figure 4. Microcomputer Clock/RAM Address/Command Register, Data Format Summary 
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CRYSTAL SELECTION 


The wide frequency range of crystals that can be chos- 
en for the Clock/RAM offers the user a large degree of 
- flexibility. To aid in the selection of a suitable crystal, the 
following suggestions should be considered by the user. 
First, the MK3835 offers an output pin that will provide 
a system clock signal at either the crystal frequency, 1/2 
the crystal frequency, or % the crystal frequency. A sys- 
tem that requires a 4MHz clock initially may operate with 
an 8 MHz clock in the future. By applying 
an 8 MHz crystal to the Clock/RAM, a software change 






AMPLIFIER AMPLIFIER 
INPUT OUTPUT 
PIN 2 CC. PINS 


If it is desirable to ‘tune’ the 

oscillator to a precise frequency, 

C, may be a variable capacitor. 
C, should be in the range of 
C,<C,<2C. © 


For C, = 20 pf 
C, is typically 30 pf. 


Figure 5. Crystal Connection 


SCLK 


® © 3 
0 1 7 8 n 








could provide the faster clock. Second, it is well known 
that, for a CMOS part, power dissipation will increase 
in direct proportion with frequency. Using a 1 MHz crys- 
tal and programming the CKO pin for 2048 Hz will cause 
the MK3835 to draw a minimtm of power. (See Figures 
9 and 10). The crystal connection is shown in Figure 
5. If a generated clock signal is to be used as a time 
base, the connection is to Pin 2 (CKI) with Pin 3 left 
floating. 


Specification 


Parallel resonance 


Frequency Range 


~ | MHz — 8.4 MHz 
Fundamental mode 
C, = 20 pf to 40 pf 


AT cut 


Figure 6. Summary of Crystal Specifications 





\ | _ COMMAND /\ DATA / 


INPUT 


INPUT 


WRITE DATA TRANSFER (n Bits) 


Figure 7. input Timing Diagram 
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CRYSTAL FREQUENCY SELECTION 

































Table 2 
ee ene re 
Divider Mode Crystal Frequency | Comments 
Binary Mode 0 0 0 0 0 8.388608 Power on condition 
0 0 0 0 1 8.388608 
0 0 0 1 0 4.194304 Hardwired in the MK3831 
0 0 0 1 1 4.194304 
0 0 1 0 0 2.097152 
0 0 1 0 1 2.097152 
0 0 1 1 0 1.048576 
0 0 1 1 1 0.032768 External Clock on Cl only 
























Microprocessor Mode 0 1 0 0 0 8.000000 
0 1 0 0 1 5.000000 
0 1 0 1 0 4.000000 
0 1 0 1 1 2.500000 
0 1 1 0 O 2.000000 
0 1 1 0 1 1.250000 
0 1 1 1 0 1.000000 
0 1 1 1 1 0.031250 External Clock on Ci only 


























Baud Rate Mode 1 0 0 0 0 7.372800 
1 0 0 0 1 7.372800 
1 0 0 1 0 3.686400 
1 0 0 1 1 3.686400 
1 0 1 0 0 1.843200 
1 0 1 0 1 1.843200 
1 0 1 1 0 0.921600 
1 0 1 1 1 0.028800 External Clock on Cl only 




































Color Burst Mode 1 1 0 0 0 7.159040 
1 1 0 0 1 7.159040 
1 1 0 1 0 3.579520 
1 1 0 1 1 3.579520 
1 1 1 0 0 1.789760 
1 1 1 0 1 1.789760 
1 1 1 1 0 0.894880 
1 1 1 1 1 0.027965 External Clock on Cl only 








CLOCK OUTPUT SELECTION 


CKO 
Output Frequency 


Table 3 


Comments 












0 0 IXTAL 

0 1 fytal +2 Power on condition. Hardwired in the MK3831 with CKO 
1 0 fytal 74 disabled. 

1 1 =2048 Hz Frequency applies for use with Binary Mode only. Other 





operating modes produce a CKO signal approximately 
equal to 2000 Hz. 
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ELECTRICAL SPECIFICATIONS MK3835N/MK3831N 
ABSOLUTE MAXIMUM RATINGS“* 


Voltage: on Vee relative: to(GND: c20siteteta haba te eran ann es Rede e eee as pads -05Vto+7.5V 
VOMage: ON ENY PIN tacs natch oh hee eat aude evenly enue beets ed a ew eN -0.5 Vto + Voge + .5 
Temperature under bias ......... seghe ean ORD a Ei eGR TIR Aig Wee dict ta ees gna la erat —50°C + 95°C 
Storage “1 Omperaule..< kiditas Gas cena RaW hse Cee Sy TARA ES eae ey EK —55°C to + 125°C 


*Stresses greater than those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to Absolute 
Maximum Rating conditions for extended periods may affect device reliability. 


DC OPERATING CONDITIONS : 
MK3835N-00/MK3831N-00 0°C <= T, = + 70°C, MK3835N-10/MK3831N-10 —40°C < Ty = +85°C 


: 
pas 
















Supply Voltage for Standby 1 


Supply Voltage for Standby 2 


DC ELECTRICAL CHARACTERISTICS 
Vec = 5V + 10%, MK3835N-00/MK3831N-00 0°C < Ty < + 70°, MK 


Logic ‘‘1” Voltage, All Inputs except X1, 
Logic ‘‘0” Voltage, All Inputs 

Logic ‘‘1’’ Voltage, X, Input 

Output Logic ‘‘1’’ Voltage, I/O Pin 
Output Logic ‘‘0” Voltage, I/O pin 
Output Logic ‘1’’ Voltage, CKO pin 
Output Logic “0” Voltage, CKO pin 
NOTES: 


: 


N-10/MK3831N-10 —40°C < T, =< + 85°C 



















—_ 
oi 


120 


20 
1 


10.0 


[mA 
7 [A 
o | A 
Roe 
cia ea 









2 
3 
4 
5 
5 
1 
1 


Nh 


I NM) 2 ~ 
> oo) rh 





0 


1. All voltages referenced to GND. 5. Crystal/Clock Input frequency = 1MHz, foKo = 2048 Hz with a 30 pf load. 
2. Crystal/Clock Input frequency = 8.4 MHz, foKO = 4.2 MHz-with 30 pf load. 6. Measured with Vog = 5.0V, 0<V, <5.0V, outputs in high impedance state. 
3. Crystal/Clock Input frequency = 8.4 MHz, fox = 8.4 MHz with 100 pf load. 7. Applied to pin 8 to retain data during a power fault. 
4. Crystal/Clock input frequency = 8.4 MHz, foxo = 2084 Hz with 30 pf load. 8. Vityx4 Spec. applies only to the external clock input configuration. 

; 9. MK3831 with Crystal/Clock input frequency = 4.194 MHz. 

10. O°C <T, =50°C. 

CAPACITANCE 
Ta, = 25°C 







CONDITION 
Capacitance on Input Pin 3 a 10 Note 1 
Cis Capacitance on I/O pin Ff 12 pF Note 4 
Cy Capacitance on X1/C1 and X2 


NOTE: At 
Measured as C = AV with V = 3 V, and unmeasured pins grounded 
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AC ELECTRICAL CHARACTERISTICS 
Voc = 5V + 10%, MK3835N-00/MK3831N-00 0°C < Ty < + 705 MK3835N-10/MK3831N-10 —40°C < Ty < + 85° 


one 
= 























tcpz | CE to I/O high impedance 


tow. | SCLK low time 1.95 
fscix | SCLK frequency 


10 


—_k 
—_ 





12 tsp, tse | SCLK Rise and Fall Time Ed 
13 tcr, tcr | CKO Rise and Fall Time ln a 
1 | town | GE high time 20 | 
NOTES: 
1. Measured at V),, = 2.0V or Vi, = 08V and 50 ns rise and fall times on inputs. 5. tgcpH Must follow the fast rising edge of Scik during a write cycle in order to 
2. Measured at VoH = 2.4V and Vo = OAV. allow time to complete a write to the internal register. 
3. Load Capacitance = 100 pF 6. All voltages referenced to ground. 
4. 


ty and ty measured from 0.8V to 2.2V. 


eg amet 7 as 
® 


SCLK 


© @ ® 
1/0 
7 8 9 





n-1 n 


) 
\ COMMAND /\ DATA | / 


INPUT OUTPUT 


READ DATA TRANSFER (n Bits) 


Figure 8. Output Timing Diagram 
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7Tma 
6ma 
J O t> 
4.5V 
= 5ma 
Q 
@ 
Cc 
z 
wy, 5.5V 
2 
> +] 4ma 
a 
m 
2 
3 
: . 8 
3ma 
4.5V 
5.5V 
2ma 


Ima 





33 pf 51 pf 100 pf 


Capacitive Load on CKO Pin 


* This curve applies to the operating case where clock output selection is programmed for C1 = 1, CO= 1, and is included for comparison purposes to other operating modes. 
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7Jma 


6 ma 


5ma 


4ma 


(LNANUND AlddNns) 27) 


2ma 














Ima 





Fox =4 MHZ/f 05 ~ 2048 Hz* 





33 pf 51 pf 100 pf 
Capacitive Load on CKO pin 


* This curve applies to the operating case where clock output selection is programmed for C1 = 1, CO = 1, and is included for comparison purposes to other operating modes. 


ORDERING INFORMATION 







MK3831N-00 5 V'+ 10% -0°C - 70°C. 
MK3831N-10 5 V + 10% —40°C - 85°C 


MK3835 N - 00 


— DC and AC Spec Sheet 
Plastic 
Basic Part Number 
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CHAPTER 6 - CRT CONTROLLER 


CRT CONTROLLERS SELECTION GUIDE 


Part number Description Technology Alt source CLK freq. Page 
(MHz) 
EF9345 Single chip alphanumeric and semigraphic HMOS 40 6-3 


display processor - 25/21 rows of 40 or 
80 char. - Multipage memory - Color and B/W 


EF9367 Graphic display coprocessor - Up to 512 x 1024 HMOS 40 6-49 
interlaced - 50/60 Hz color and B/W 


EF9369 ‘Palette’ circuit for selection of 16 colors HMOS 28 6-81 


among 4096 - Compatible with all display circuits 
TS68483 High performance display coprocessor HMOS 68 6-97 
TS68494 Palette and serial port controller HMOS 2 48 6-143 
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he 


MOSTEK 














The EF9345, new advanced color CRT controller, in conjunction with an 
additional standard memory package allows full implementation of the 
complete display control unit of a color or monochrome low-cost terminal, 
thus significantly reducing IC cost and PCB space. 


@ Single chip low-cost color CRT controller 

@ TV standard compatible (50 Hz or 60 Hz) 

@ 2 screen formats : 
25 (or 21) rows of 40 characters 
25 (or 21) rows of 80 characters 

@ On-chip 128 alphanumeric and 128 semi-graphic character generator 
three standard options available for alphanumeric sets. 

@ Easy extension of user defined alphanumeric or semi-graphic sets 
(> 1 K characters). 

@ 40 characters/row attributes : 
Foreground and background color, double height, double width, blin- 
king, reverse, underlining, conceal, insert, accentuation of lower case 
characters. 

@ 80 characters/row attributes : 
Underlining, blinking, reverse, color select. 

@ Programmable roll-up, roll down, and cursor display 

®@ On-chip R, G, B, | video shift registers 

@ Easy synchronization with external video source : on-chip phase compa- 
rator. 

@ Address/data multiplexed bus directly compatible with standard micro- 
computers such as 6801, 6301, 8048, 8051. 

@ Addressing space : 16 K x 8 of general purpose private memory. 

@ Easy use of any low cost memory components : ROM, SRAM, DRAM 

@ Upward compatible with EF 9340/41 chip set. 





TYPICAL APPLICATION 


Low cost personal terminal! 






2Kx8 to 16K x8 
memory 


EF9345 













MODEM MCU 


EFG7515 EF6801 
EFB7513 TS6301 
EF7910 

























COMPONENTS 


SINGLE CHIP SEMI-GRAPHIC DISPLAY PROCESSOR 


HMOS2 


SINGLE CHIP SEMI-GRAPHIC 
DISPLAY PROCESSOR 


P SUFFIX 
PLASTIC PACKAGE 


FN SUFFIX 
SURPICOP 
(PLASTIC CHIP-CARRIER) 





PIN ASSIGNMENT 


On Oath WN = 








‘ROW BUFFER, 
AD(0:7) € 70 
8 
AS é 
DS a 


R/W 7] 


TRANSCODER 





TIMING 
GENERATOR 
r] a a 
cf a 
AM(8:13) ADM(0:7) ASM OE WE CLK 






— oe eee 


+5V 


(j<+—— 
| 

\ 

R 

G 

B 

\ 
a HP 
CI HVS/HS 
C7 -PC/VS 
TJ4— SYNC. IN 


MAXIMUM RATINGS 


Input voltage Vin* - 0.3 to 7.0 fo ov | 


° 


Vv 
Vv 
°C 


















Operating temperature range 









Storage temperature range - 55 to 150 








Max power dissipation 


“With respect to Vss 


ELECTRICAL OPERATING CHARACTERISTICS 
(Vec = 5.0V #5 %, Vss = 0, Ta =0 to 70°C) ) 


Stresses above those hereby listed may cause 
permanent damage to the device. The ratings 
are stress ones only and functional operation 
of the device at these or any conditions bey- 
ond those indicated in the operational sections 
of this specification is not implied. Exposure 
to maximum rating conditions for extended 
periods may affect device reliability. Standard 
MOS circuits handling procedure should be 
used to avoid possible damage to the device. 
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Characteristic Symbol Min Typ 
Supply voltage Vcc 4.75 5 
Input low voltage Vib -0.3 As 
Input high voltage CLK Vi 22 = 
other inputs 2 — 
Input leakage current lin = a 
Output high voltage (ljgaq = - 500 uA) VOH 2.4 — 
Output low voltage Ijoaq =4MA ; AD(0:7), ADM(0:7), AM(8: 13) VOL 0.4 2 
Noad = 1MA ; other outputs 
Power dissipation PD _ 250 
Input capacitance Cin ee a 
Three state (off state) input current Its} = = 





MEMORY INTERFACE 
Vcc = 5.0V +5 %, Ta =0° to + 70°C. 


Clock : fin = 12 MHz ; duty cycle 40 to 60 % ; ty, te << 5 ns . 
Reference levels : Vi_ = 0.8 V and Vip =2 V, VoL = 0.4 V and VOH = 2.4 V. 


Output delay time from CLK rising edge (ASM, OE, WE) 
ASM high pulse width tEHEL 120 
Memory access time from ASM low tELDV 


( ADM(0:7), AM(8:13) ) 
z 
5 





| VpD 
- Test load 

Rv 
Test 
point 









AD(0:7) outputs 
} 


1N916 
or equiv. 






MEMORY INTERFACE TIMING DIAGRAM 


mL EY a 
nee ae 
a ae : 
(6) 


gala) 1 lal as — 
ADM(0:7) eae) eat eens fa dd | ee 


) 
ot 
IC a ea aes iene |e 








MICROPROCESSOR INTERFACE 


| EF9345 |  6801/6805CT INTEL Family 


AS AS ALE 
DS DS,E,¢2 RD 
R/W R/W WR 


MICROPROCESSOR INTERFACE TIMING AD(0:7), AS, DS, R/W, CS 
Vcc = 5.0+5%, Ta =0° to + 70°C, CL = 100 pF on AD(0:7) 
Reference levels : Vj_ = 0.8 V and Vjy = 2 V onall inputs ; VoL = 0.4 V and Voy = 2.4 V on all outputs. 


st [wr [te [om | om 
number 
1 


2 DS low to AS high (timing 1) tasD 

DS high or R/W high to AS high (timing 2) eye a 
3 AS low to DS high (timing 1) taASED 

AS low to DS low or R/W low (timing 2) Pear saan 


EF9345 is MOTEL compatible. It automatically selects 
the processor type by using AS input to latch to state of 
the DS input. 

No external logic is needed to adapt bus control signals 
from most of the common multiplexed bus microproces- 
sors. 























5 AS pulse width tpWASH _ ns 














R/W to DS setup time (timing 1) 
R/W to DS hold time (timing 1) 


8 Address and CS setup time 3 
Address and 6S hold time (alee recta Ieee” esis Ea a) 
— Data setup time (write cycle) | =| 
Data hold time (write cycle) 10 an 
[Dota acets tne from D8 (ead eye) «dt top; | = | de 


| 13 | DS inactive to high impedance state time (read cycle) | = | 80 | 


MICROPROCESSOR INTERFACE TIMING DIAGRAM 1 
(6801 / 6805CT) 


MFO 

: ee, 

Ci 
acme 

» WO | WTI 

wn ve EO a 


Owe ® 
DATA 


(| aporess | ; 
eee a 








| 




























=I 


R/ 






READ CYCLE 


mi 


a LD 
- WOM, | Wii LIM 
ee 


WRITE CYCLE 


os ———— 
TUL = 


~ cl il 
We _—< YU ME 


VIDEO INTERFACE R,G,B,1, HP, HVS/HS,PC/VS 
Vcc =5.0V+5%, Ta =0 to + 70°C, CLK duty cycle = 50 %, CL = 50 pF 
Reference levels: V,,; = 0.8 V and V),, = 2.2 V on CLK input. Vo, = 0.4 V and Voy = 2.4 V on all outputs. 








CLK 
tD 
a 1 
40 char/row 
Ed 
HS | 
I 
—_ 





R,G,B,I, 
80 char/row 


tb 
HVS/HS — 
PC/VS 
INPUT CLK 
tPWCH 
CLK 


Reference level Vj_ =0.8V, Viy =2.0 V 
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VERTICAL AND HORIZONTAL SYNCHRONIZATION OUTPUTS (CLK = 12 MHz} 


HORIZONTAL SYNCHRO : 64 ys 





1 4.5 us 4.5 us | 


HVS 















H blanking H blanking 





R,G,B,! 





AO char./row 10 us 2 ms 




























80 char./row | 2.04 ps 
VERTICAL SYNCHRO 
NON INTERLACED 
312 lines (TGSg =0) 
262 lines (TGSg = 1 | 
ia aaa al Tart a re 
TGSp =0 VOL Blanking 25 lines Margin 16 lines page 250 lines Margin 18 lines{ Blanking 3 lines 
TGSp = 1 25 lines 10 lines 210 lines 14 lines 3 lines 
2 lines | 
VS (TGSq = 0) 


INTERLACED | 


acca VO | ARMM MN mc a ca a a ee ea 


HVS (TGSq =1) | 


Beer keel, ee WO LAL_SL_I-T19F 





| 312.5 lines (TGSp =0) | 
2.5 lines | 262.5 lines (TGS = 1) | 
Even frame 


VS (TGS,g = 0) 


Odd frame Fe ee ee ie 


EF9345 PIN DESCRIPTION 


All the input/output pins are TTL compatible. 


MICROPROCESSOR INTERFACE 


PIN 
AD(0:7) | I/O 17-19 Multiplexed 
21-25 Address/Data 
bus 













These 8 bidirectional pins provide communication with the micro- 
processor system bus. 








The falling edge of this control signa! latches the address on the 
AD(0:7) lines, the state of the Data Strobe (DS) and Chip Select 
(CS) into the chip. 












When this input ts strobed high by AS, the output buffers are 
selected while DS is low for a read cycle (R/W = 1). 

In write cycle, data present on AD(0:7) lines are strobed by R/W 
low (See Timing Diagram 2). 

When this input is strobed low by AS, R/W gives the direction of 
data transfer on AD(0:7) bus. DS high strobes the data to be written 


wiki — 
during a write cycle (R/W = 0) or enables the output buffers during 


DS 15 Data Strobe 
a read cycle (R/W = 1). (See Timing Diagram 1). 


R/W Read / Write This input determines whether the internal registers get written or 
read. A write is active low (“0”). 
ire Chip Select The EF9345 is selected when this input is strobed low by AS. 


MEMORY INTERFACE 











ADM(0:7) Multiplexed Lower 8 bits of memory address appear on the bus when ASM is 
Address/Data high. It then becomes the data bus when ASM is low. 
bus 


salad ie Memory These 6 pins provide the high order bits of the memory address. 
Address bus 


FE Output Enable When low, this output selects the memory data output buffers. 
Write Enable This output determines whether the memory gets read or written. 
A write is active low ("0"). 


Memory This signal cycles continuously. Address can be latched on its falling 
Address Strobe edge. 
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VIDEO INTERFACE 
HVS/HS 


PC/VS 


SYNCIN 


OTHER PINS 





CRIPTION 
These outputs deliver the video signal. They are low during the ver- 
tical and horizontal blanking intervals. 


Red 
Green 
Blue 
Sync. Out 


Phase Comparator/ 
Vertical Sync 







This active high output allows to insert R:G:B in an external video 
signal for captioning purposes, for example. !t can also be used as a 
general purpose attribute or color. 











This output delivers either the composite synchro (bit TGSq4 = 1) 
or the horizontal synchro signal (bit TGSq = 0). 
















When TGSq = 1, this signal is the phase comparator output. When 
TGSq = 0, this output delivers the vertical synchro signal. 


This input allows vertical and/or horizontal synchronizing the 
EF9345 on an external signal. It must be grounded if not used. 
Video Clock This output delivers a 4 MHz clock phased with the R, G, B, | signals. 












Synchro In 


= 
2 
eee aa 5 


















External TTL clock input. (Nominal value: 12 MHz, duty cycle: 
50 %). 


Ground. 
+5V. 


12 Clock Input 


Power Supply 












Power Supply 
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GENERAL OPERATION 


The EF9345 is a low cost, semigraphic, CRT controller. 

It is optimized for use with a low cost, monochrome or 
color TV type CRT (64 us per line, 50 or 60 Hz refresh 
frequency). 

The EF9345 displays up to 25 rows of 40 characters or 25 
rows of 80 characters. 

The on-chip character generator provides a 128 standard, 
5 x 7, character set and standard semigraphic sets. 

More user definable (8 x 10) alphanumeric or semigraphic 
sets rnay be mapped in the 16K x 8 private memory ad- 
dressing space. 

These user definable sets are available only in 40 charac- 
ters per row format. 


MICROPROCESSOR INTERFACE 


The EF9345 provides an 8-bit, address/data multiplexed, 
microprocessor interface. 


It is directly compatible with popular (6801, 6805CT, 
8048, 8051, 8035...) microprocessors. 


REGISTERS 


The microprocessor directly accesses 8 registers : 


@ RO: Command/status register 

@ R1, R2, R3 : Data registers 

@ R4, R5 { : Each of these register pairs points into the 
R6, R7 private memory. 


Through these registers, the microprocessor indirectly ac- 
cesses the private memory and 5 more registers : 


@® ROR, DOR : Base address of displayed page memory 
and of used external character generators. 

@ PAT, MAT, TGS : Used to select the page attributes 
and format, and to program the timing generator option. 


PRIVATE MEMORY 


The user may partition the 16K x 8 private memory ad- 
dressing space between : 


@ pages of character codes (2K x 8 or 3K x 8), 
® external character generators, 
@ general purpose user area. 


Many types of memory components are suitable : 


® ROM, DRAM or SRAM, 

@ 2K x 8, 8K x 8, 16K x 4 organizations, 

@ Modest 500 ns cycle time and 250 ns access time is 
required. 


40 CHARACTERS PER ROW : CHARACTER CODE 
FORMATS AND ATTRIBUTES 


Once the 40 characters per row format has been selected, 
one character code format out of three must be chosen : 
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@ 24-bit fixed format : 

All the attributes are provided in parallel. 
@ 8/24-bit compressed format : 

All the attributes are latched. 
@ 16-bit fixed format : 

Some parallel attributes, others are latched. 


The 16-bit fixed format is compatible with EF9340/41 
CRT controller. 


Character attributes provided : 


— Background and foreground color (3 bits each), 

— Double height, double width, 

— Blinking, 

— Reverse, 

— Underlining, 

— Conceal, 

— Insert, 

— Accentuation of lower case characters 

— 3x 100 user definable character generator in memory 
— 8 x 100 semi-graphic quadrichrome characters. 


80 CHARACTERS PER ROW FORMAT : CHARACTER 
CODE FORMAT AND ATTRIBUTES 


Two character code formats are provided : 
@ Long (12 bits) with 4 parallel attributes : 
— Blinking, 
— Underlining, 


— Reverse, 
— Color select. 


@ Short (8 bits) : no attributes. 


TIMING GENERATOR 


The whole timing is derived from a 12 MHz main clock in- 
put. 


The RGB outputs are shifted at 8 MHz for the 40 charac- 
ter/row format and at 12 MHz for the 80 character/row. 


Besides, the user may select : 


@ 50 Hz or 60 Hz vertical sync. frequency, 

@ Interlaced or not, 

@ Separated or composite vertical and horizontal sync. 
outputs. 


Furthermore, a composite sync. input allows, when it is 
required : 


@ Anon-chip vertical,resynchronization, 

@ An on-chip crude horizontal resynchronization, 

@ An off-chip high performance horizontal resynchroni- 
zation by use of a simple external VCXO controlled by 
the on-chip phase comparator. 


MEMORY ORGANIZATION 


LOGICAL AND PHYSICAL ADDRESSING 


The physical 16-Kbyte addressing space is logically parti- 
tioned by EF9345 into 40-byte buffers (Figure 1). More 
precisely, a logical address is given by an X, Y, Z triplet 
where : 


@ X = (0 to 39) points to a byte inside a buffer, 

@ Y = (0,1 ; 8 to 31) points to a buffer inside a 1 Kbyte 
block, 

@ Z= (0to 15) points to a block. 


Obviously, 1 K = 2!° = 1024 cannot be exactly divided 
by 40. Consequently, any block holds 25 full buffers and 
a 24-byte remainder. Provided that the physical memory 
is a multiple of 2 Kbytes, the remainders are paired in such 
a way as to make available : 


@ a full buffer (Y = 1) in each even block, 
@ a partial buffer (Y = 1 ; X = 32 to 39) in each odd 


block. 
FIGURE 1 — MEMORY ROW BUFFER 
a. a a 
0 32 39 0 32.39 


} DISTRICT | 


{ 

8 BLOCK 0 
‘ (1 Kbyte) 
31 

0 

1 

8 


BLOCK 1 


BLOCK 2 


oese@noS.. 


BLOCK 3 


ene in 


(ee ee ee 


COC 


DISTRICT 





| DISTRICT ( 


120-BYTE ROW BUFFER 80-BYTE ROW BUFFER 


® Row buffers lay inside a district. 


@ At two or three successive block addresses (modulo 4). 


@ First block address is even. 


POINTERS 


Each X, Y and Z component of a logical address is binary 
encoded and packed in two 8-bit registers. Such a register 
pair is a pointer (Figure 2). EF9345 contains two pointers : 


@ R4, R5: auxiliary pointer, 
@® R6, R7 : main pointer. 


R5 and R7 have the same format. Each one holds an X 
component and the two LSB’s of a Z component. This 
packing induces a partitioning of Z in 4 districts of 4 
blocks each. 


R5, R7 points to a block number in a district. R4 and R6 
have a slightly different format : Each one holds a Y com- 
ponent and the LSB of the district number. But R6 holds 
both district MSB. 


Figure 3 gives the logical to physical address transcoding 
scheme performed on chip. 


FIGURE 2 — POINTER AUTO INCREMENTATION 


Y =(0,1 ;8 to 31) 
d1,d1,d0}; 4 3 2 1 0 R6 
MAIN 
sea ds dey POINTER 
eopei[s)# 3 \2)1 0] 97 
Y' =(0,1 ;8 to 31) 
AUXILIARY 
X" =0 to 39 POINTER 
reopen] S| 4,3 )2]1,0] Re 
Z = (0 to 15) 
3 2 1 QO 
2=0 3-1 
4=0 4 5-1 D B 
aera 
pein 
0 
r, a YO) 
»4 KS 
\ 
, \ 
\ 7, N 
6 cue ae 


Z incrementation/ 
decrementation 
Modulo 4 on the 

block number only 


Y incrementation 
Modulo 24 


X incrementation 
Modulo 40 
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DATA STRUCTURES IN MEMORY 


A page is a data structure displayable on the screen up 
to 25 rows of characters. According to the character code 
format, each row on the screen is associated with 2 (or 3) 
40-byte buffers. This set of 2 (or 3) buffers constitutes a 
row buffer (Figure 1). The buffers belonging to a row buf- 
fer must meet the following requirements : 


@ they have the same Y address, 

@ they have the same district number, 

@ they lie at 2 (or 3) successive (modulo 4) block addres- 
ses in their common district. 


Consequently, a row buffer is defined by its first buffer 
address and its format. 
A page is a set of successive row buffers : 


@ with the same format, 

@ with the same district number, 

@ with the same block address of first buffer. This block 
address must be even. 

@ lying at successive (modulo 24) Y addresses. 


Consequently, a page should not cross a district boundary. 
General purpose memory area may be used but should res- 
pect the buffer or row buffer structure. See Figure 2 for 
pointer incrementation implied by these data structures. 


MEMORY TIME SHARING (See Figure 4) 


The memory interface provides a 500 ns cycle time. That 
is to say a 2 Mbyte/s memory bandwidth. This bandwidth 
is shared between : 


@ reading a row buffer from memory to load the interna! 
row buffer (up to 120 bytes once each row), 

®@ reading user defined characters slices from memory (1 
byte each us), 

@ indirect microprocessor read or write operation, 

@ refresh cycles to allow DRAM use, with no overhead. 


A fixed allocation scheme implements the sharing. 


Notes on Figure 4. 
1. Dummy cycles are read cycles at dummy addresses. 


2. RFSH cycles are read cycles performed by an 8-bit 
auto-incrementing counter. Low order address byte 
ADM(0:7) cycles through its 256 states in less than 
1 ms. 


3. The microprocessor may indirectly access the memory 
once every us, except during the first and the last line 
of a row, when the internal buffer must be reloaded. 


During these lines, no microprocessor access is provided 
for 104 us ; this hold too when no user defined character 
slices are addressed. 


FIGURE 4 - MEMORY CYCLE ALLOCATION 


<——_—_————— 40 us —-—______ > 4. 24 us ——_» 
| 





312 / 262 
TV LINES ONE ROW =10 TV LINES 
250 /210 ACTIVE 
ACTIVE DISPLAY 
TV LINES TIME 
| | MEMORY CYCLE 
| | uP : indirect access to memory 
LAST ROW LINE UDS ! LD LD : LD RFSH : refresh cycle 
l meet : UDS : slice read cycle 
FIRST ROW LINE UDS l LD FS | M LD : read cycle to load the internal 
| | row buffer. 
OTHER ROW LINE UDS | uP RFSH uP 
<— 1 us ——— 1 us — 
.——_—_——- 40 us ———————— st 24 i's 


FIGURE 3 — LOGICAL TO PHYSICAL ADDRESS TRANSCODING PERFORMED ON-CHIP 


Z (0 to 15) Y (0,1 ;8 to 31) X (0 to 39) 
Ci eet ea em 
D B 


(ee 


Cea Leece 


TRANSCODING 


bene eel 


PHYSICAL ADDRESS 13, 12,11 10, 9 


Y4 
Y28 


SCREEN FORMAT AND ATTRIBUTES 





The screen format and attributes are programmed through 
5 indirectly accessible registers : ROR, TGS, PAT, MAT 
and DOR. IND command allows accessing these registers. 
TGS is also used to select the timing generator options 
(see Screen Format Table). 


ROW AND CHARACTER CODE FORMAT PAT} ; 
TGS(6:7) 


Two row formats and 5 character code formats are available 
but cannot be mixed in a given screen. DOR register inter- 
pretation is completely row format dependant and is dis- 
cussed in the corresponding 40 char/row and 80 char/row 
section. 


SCREEN PARTITION - PAGE POINTER ROR 
(See top of the Screen Format Table) 


The screen is partitionned into 3 areas : 


@ the margin, 
@ the service row, 
@ the bulk of remaining rows. 


MAT (Q:3) declares the color of the margin and the value 
iM of its insert attribute. 

ROR register points to the page to be displayed and gives 
the 3 MSB’s of the Z address : Zg = O implicitly ; the page 
block address must be even. YOR gives the first row 
buffer to be displayed at the top of the bulk area. The 
next row buffers to be displayed are fetched sequentially 
. by incrementing the Y address (modulo 24). This address 
never gets out of the origin block. Incrementation of YOR 
by the microprocessor yields a roll up. 





AM 


PHYSICAL ADDRESS AM (3:10) 


es Eee 


Jaa 


v3 | Y2. Y¥1 YO | x4 x3 
v2 Y1 vol yY4 = yY3 


SERVICE ROW: TGSs - PATg 


The service row is displayed for 10 TV lines on top of the 
screen and does not roll. Following TGSs5, it is fetched 
from the origin block at either Y =O or Y = 1. The Y = 1 
is a partial row buffer. It can be used only with variable 
40 char./row and an 8 byte attribute file. The service row 
may be disabled by PATg = 0 ; it is then displayed as a 
Margin extension. 


BULK : TGSo ; PAT(1,2) ; MAT7 


It is displayed after the service row for 200 or 240 TV 
lines according to TGSo. Each row buffer is usually dis- 
played for 10 TV lines. However, MAT7 = 1 doubles this 
figure. Then every character appears in double height 
(double height characters are quadrupled). 


PAT 1 = 0 and/or PAT2 = Odisables respectively the upper 
120 lines and/or the lower 80/120 tines of the bulk. 

When disabled, the corresponding TV lines are displayed 
as a margin extension. 


CURSOR MAT(4;6) 


To be displayed wjth the cursor attributes, a character 
must be pointed by the main pointer (R6, R7) and MATg 
must be set. The cursor attributes are given by MAT(q:5) : 


@ Complementation : 
the R, G and B of each pixel is logically negated. 


R,G,B —» R,G,B 
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@ Undertine: 
the underline attribute of this character is negated. 


@ Flash: 
the character is periodically displayed with, then with- 
out, its cursor attributes (50 % / 50% ;= 1 Hz). 


FLASH ENABLE (PATg6) -CONCEAL ENABLE (PAT3) 


Any character flashing attribute is a “don’t care” when 
PAT6 = 0. When PAT¢ = 1, a character flashes if its flash- 
ing attribute is set. It is then periodically displayed as a 
space (50 %/ 50 % ; = 0.5 Hz). 


PAT3isa ‘don’t care” for 80 char./row formats. When any 
40 char./row format is in use : 


© if PAT3 = 0, the conceal attribute of any character is a 
don't care, 


@ if PAT3 = 1, the conceal attribute of each character is 
interpreted : a-concealed character appears as a space 
on the screen. 


INSERT MODES : PAT (4:5) 


During retrace, margin and extended margin periods, the | 
output pin delivers the value of the insert margin attribute. 
|= im = MATg. 


During active line period, the | output state is controlled 
by the Insert Mode and i, the insert attribute of each 
character. The | output pin may have several uses : (See 
figure below) : 


@ As a margin/active area signal in the active area mark 
mode. 


@ As acharacter per character marker signal in the charac- 
ter mark mode. 


@ As a video mixing signal in the two remaining modes, 
provided that EF9345 has been vertically and horizon- 
tally synchronized with an external video source : the | 
pin allows mixing RGB outputs (1=1) and the external 
video signal (I=0). This mixing can be achieve by 
switching or ORing. It may occur for the complete cha- 
racter window (Boxing Mode) or only for the foreground 
pixels (Inlay Mode). 


Video outputs during active periods 


| CHAR. LEVEL | | CHAR. LEVEL | OUTPUTS 
INSERT MODE 
PIXELS (1) 


NOTES: 
(1) PIXEL TYPE 


— : Don't care 
FOREGND :A foreground pixel is : 
®@ Any pixel of a quadrichrome character, 


®@ A pixel of a bichrome character generated from a “1” in 
the character generator cell. 


ACTIVE AREA MARK 


staan 
BOXING 


BLACK 
INLAY BACKGND BLACK 
FOREGND 


TIMING GENERATOR OPTIONS : TGS Q; 4) 


(2) RGB OUTPUTS 
X : Not affected 
BLACK : forced to iow level. 





When they are out of phase, the line period is lengthened 


by 1 clock period (~ 80 ns). 
TGS(0:1) select the number of lines per frame : 


TGS; | TGSo LINES 
To fe | a 


ee ee ee 
i a 


TGSq controls the SYNC OUT pins configuration : 


TGS4 HVS/HS PC /VS 
| 1 | Compositesync | Pc" 
ae H SYNC OUT V SYNC OUT 















NON INTERLACED 






312.5 
262.5 


INTERLACED 


The composite incoming SYNC IN signal is separated into SYNC IN 


2 internal signals : 


@ Vertical Synchronization In (VSI), 
@ Horizontal Synchronization In (HSI). 

HVS/HS 
TGS3 enables VSI to reset the internal line count. SYNC 
IN input is sampled at the beginning of the active area of CLK 
each line. When the sample transits from 1 to O, the line 
count is reset at the end of the current line. 


TGS2 enables HSI to contro! an internal digital phase lock PC is the output of the on-chip phase comparator. 


loop. HSI and on-chip generated HS Out are considered as 
in phase if their leading edges match at + 1 clock period. 


An external VCXO allows a smoother horizontal phase 
lock than the internal scheme. 
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SCREEN FORMAT TABLE 


~ MEMORY ~ 




















x ois ee 


YOR + 1-3} 


BLOCK ORIGIN 
a (even) MARGIN 
TGS5 , SERVICE ROW 
8 Y ORIGIN 
Y ORIGIN +1 
YOR—> BULK 
| H 


31 






7 6 5 4 3 2 1 =0 


[232122] yy yy | ROR(r=7) 


cert, pO sea a 
. t } Origin row address 
YOR =(8 to 31) 
Block origin (even) 


Service row select 


| cnet 
® 
7 6 5 4 3 2 1 0 


525/625 lines 
Interlaced 
Horizontal resync enable 


CHAR CODE PAT? | TGS7 | TGSg Vertical resync enable 
0 


40 CHAR LONG Sync out pins configuration 
1: Composite sync + 

40 CHAR VAR 0 

40 CHAR SHORT 1 

80 CHAR LONG 0 

PAT (r = 3) 

80 CHAR SHORT 0 
Service row enable 
Upper bulk enabie 
Lower bulk enable 
betaine Conceal enable 
INLAY Flash enable 


phase comparator 
BOXING 


0: V syne +H sync 
CHARACTER MARK 
ACTIVE AREA MARK 





MAT (r = 2) 





Margin color 

Margin insert 

Cursor display enable 
Double height 


CURSOR DISPLAY MODE MATs | MAT4 


FIXED COMPLEMENTED Ay 












FLASH COMPLEMENTED 
FIXED UNDERLINED 
FLASH UNDERLINED 


NOTE : PROGRAMMING BIT VALUE 
1 = True 
0 = False 
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40 CHAR/ROW CHARACTER CODES 


To display pages in 40 character per row format, one out 3-byte code in memory, namely the C, B and A bytes 
of three character code formats must be selected : (Figure 5). A row on the screen is associated with a 120 


© Fixed long (24 bits) code : all parallel attributes. byte row buffer in memory. 


@ Fixed short (16 bits) code : mix of parallel and latched 
attributes. 


i -byte code structure 
@ Variable (8/24 bits) code : all latched attributes. 3-by ucty 


1. C7 is a don’t care. Up to 128 characters may be addres- 
sed in each set. Each user definable set holds only 100 
characters :C byte value ranges from O00 to 03 and 20 
to 7F (hexa). 


Fixed short and variable codes are translated into fixed 
long codes by EF9345 during the internal row buffer 
loading process. The choice of the character code format 
is obviously a display flexibility/memory size trade off, 
left up to the user. 


NO 


. B(4:7) give the type and set number of the character. 


. All the bichrome characters have the same attributes 

except that alphanumerics may be underlined, semi- 
FIXED LONG CODES graphics cannot. Accentuated alphanumerics allow or- 
This is the basic 40 char./row code. Each 8 pixels x 10 li- thogonal accentuating of any one of the 32 lower case 
nes character window, on the screen is associated with a ROM characters with any of 8 accents (see Figure 19). 


ie) 


FIGURE 5 — 40 CHAR/ROW FIXED LONG CODES 


BICHROME CODE QUADRICHROME CODE 
7 6 5 4 3 2 ==1 0 7 6 5 4 3 2 =¢°1 0 


ees CSCIC, mae CC 
i ntl li el 


: ee A 
es insert Insert 
Double heigth Low Resolution 
Conceal Subset index 
Boublewidik (low resolution only) 


Type and set Set number 


PN By, G1 ,R1 FF |Bo Go ,Ro A BYTE 4 COLOR PALETTE 


ne allie need A 
j eee Background color Cg 
Flash (Blink) 


Foreground color C4 


: 


Negative (Reverse video) 


TYPE AND SET NUMBER OF CHARACTER CELL 
CODE : B(4:7) PER SET LOCATION 
raraee cw 
128 standard mosaics Gi0 | 
32 strokes Gi SEMI-GR. 
8 alphanumerics 0 ROM 


Accentuated lower case alpha 


100 alpha UDS 


100 semi-graphic UDS 
100 semi-graphic UDS EXTERNAL 


MEMORY 
8 sets of 100 


G21 


U 
N 
D 
E 
R 
L 
| 
N 
E 


quadrichrome character Q7 





NOTA : Programming bit value 
1= True 
0 = False 
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4. Bichrome and quadrichrome characters use two diffe- 


rent coloring schemes. 


For bichrome characters, character code byte A defines 
a two color set by giving directly two color values (Fi- 
gure 6). The negative attribute exchanges the two values. 
Each bit of the slice byte selects one color value out of 
two. 


The “A” byte in a quadrichrome character code defines 
an ordered 4 color set (Figure 7). When more than 4 
bits are set, higher ranking bits are ignored. When 
less than 4 bits are set, the color set is completed with 
implicit ‘‘white’’ value. The slice byte is shifted 2 


bits at once at half the dot frequency (= 4 MHz). 
Each bit pair designates one color out of the 4 color 
sets. 


Quadrichrome characters allow displaying up to 4 dif- 

ferent colors (instead of 2) in any 8 x 10 window at 
the penalty of an halved horizontal resolution. 
By programming the R attribute in byte B, one may 
chose to keep the full vertical resolution (1 slice per 
line) or to halve it (each slice is repeated twice). In any 
case, it is possible to change the color set freely from 
window to window and to mix freely all the character 
types. So, fairly complex pictures may be displayed at 
low memory cost. 


FIGURE 6 — COLORING WITH BICHROME CHARACTERS 


re [ela [ covonvarve | 
0 0 0 


BLACK 
RED 


GREEN 
YELLOW 


BLUE 
MAGENTA 
CYAN 
WHITE 





SHIFTED SLICE BYTE 
(LSB first) 





7 6 565 4 3 2 1 0 
Oe eta ate eee) eee, 


Foreground ae a ee 


CHARACTER 


A BYTE 


Exchanges values 






FIGURE 7 — COLORING WITH QUADRICH ROME CHARACTERS 


CHARACTER 


7 6 5 4 3 2 1 0 
nS 


A BYTE 


— Black — 
Red Co 
Green _ 
Yeliow C; 
Biue C2 
Magenta _ 
Cyan C3 
—_—____—_> 


SLICE BYTE SHIFTING : 
2 bits at once at half the pixel frequency. 


Le) 


7 6 5 4 3 2 1 0 
PN | By ,G7;R1] F | Bo, Go, Ro 
3 3 
N =1 
C4 Co 
Foreground 3 3 Background 
color color 
MUX 
3 Pixel color R,G,B 
ORDERED 
COLOR VALUES COLOR SET 
White oa 
Color set 


MUX (1 out of 4) 


Ci (yellow) 





Handling long codes 


The KRF command allows an easy X, Y random access or an X sequential access to/from the microprocessor 


from/to a memory row buffer (Figure 8). 


FIGURE 8 — FIXED LONG CODES IN MEMORY 120 BYTE ROW BUFFER 


KRF COMMAND 





VARIABLE CODES © 


In many cases, successive characters on screen belong to 
the same character set and have the same attributes. 
Variable codes achieve memory saving by storing B and 
A bytes only when it is required by exploiting the C7 bit. 


C7 =1 This is a long 3-byte code. 
Character set and attribute values are completely rede- 
fined by B and A bytes. 


C7 =0 This is a short 1-byte code. 
Character set and attributes value are identical to the 
previous code. 


A further saving comes from the fact that an accentuated 
alphabetic character is, more often than not, followed by 
a not accentuated alphabetic character. 

So, G29 or G21 sets are processed as one-shot escape with 
return to Gg. For normal operation, variable codes should 
obey the following rules : 


@ the first character code of any row (X = OQ) should be 
long, 

@ a character code may be short when it has the same 
attributes as the previous character code and belongs 
to the same set. 
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~««—— D district number 


B (even) 


However : 


- any code belonging to G29 or G21 must be long and 
must be repeated if the character is double width, 


- a code belonging to Gg following a G29 or G21 code 
may be short. 


Handling the variable codes 


During the display process, a row of variable code should 
be laid in an 80/120 byte row buffer. The first buffer holds 
the C bytes. The second buffer holds the B, A file provi- 
ding up to 20 long codes per row. (Figure 10).In the excep- 
tionnal case when this is not enough, the second buffer 
overflows in the third one. Every code may then be long. 
Variable codes can almost always achieve a memory saving 
over long fixed codes and can never be worse. 


The KRV command gives a very easy sequential access to/ 
from a row buffer from/to the microprocessor. This com- 
mand automatically updates the C byte and the B, A file 
pointers (the last one when C7 is set). 


FIGURE 9 — EXPANSION/COMPRESSION MOVE 


x 
139 


EXP and CMP 
commands 0 








<«— DW 


JBL] ew teven 


YW 
EXPANDED 
CODE 
ee 2 ee 

<«— D 

B (even) 
y VARIABLE 
CODE 

B +1 =BF 


Random access to a variable code is obviously not as easy. 
The EXP, KRE are CMP commands are designed to faci- 
litate this task (Figure 9). 


The EXP command translates a full row of variable codes 
into a row of expanded codes. Expanded codes are 
generally not displayable but very similar to the long 
codes. 





KRE gives a random access to an expanded code and 
makes it appear as a regular long code. 


The CMP command translates a full row of expanded code 
into a row of variable codes and minimizes the file size in 
the process. 


These commands use a buffer pair as working area. 
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FIGURE 10 — VARIABLE CODES IN MEMORY 


Xx 
KRV command 
0 Y 39 «<q— D district number 






B (even) 





XF: 


B+2 


BIMED SHOR CORE @ G’11 and quadrichrome sets cannot be reached, 

These fixed 16-bit codes are compatible with EF 9340/41 @ some attributes are latched and can be changed only 
display controllers. They achieve memory saving by while displaying a space (delimitor code). 

another way. They may be easier to handle than variable 


ice : ean The KRG command allows an easy access from/to an 
codes. The penalty is in lesser display capabilities : 


80-byte row buffer in memory to/from the microproces- 


® accentuated character sets are no longer available : accen- sor (Figure 11). Figure 12 gives the fixed short to fixed 
tuated characters must be individually provided by the long translation process which occurs for each row - while 
character generators, loading the internal row buffer - before display. 


FIGURE 11 — FIXED SHORT CODES IN MEMORY 80 BYTE ROW BUFFER 


KRG COMMAND 


~<—- DISTRICT 
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FIGURE 12 — FIXED SHORT CODE TO FIXED LONG CODE TRANSLATION 
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space 
— : Don't care N : Negative L : Double width [ ] 
i : Insert U : Underline H : Double height Latched attribute 
m : Conceal X : Character code Co _ : Background color 
F : Flash DEL: Delimitor C1 : Foreground color 


NOTES 


1/ Translation process 
The translation process operates through 3 elementary operations : 


@ Field-to-field : a character code or an attribute value (i.e : Cg, flashing) is directly loaded from short to long code. 
@ Field-to-constant the decoding of a short code forces the value of the equivalent long code attribute. For example, semigraphic short characters forces normal size 


(H =O, L =O) attributes. 
Latched attributes : at the beginning of each row, these attributes are reset (no underline, not concealed, no insert, black background). Then, they keep their current 


value until modified by either a field to field or field to constant operation. 


2/ EF9340/41 compatibility 


It is binary code compatible with few exceptions : 
® flashing attribute is negated, 
@ A7 is negated in delimitors. 


It is also display compatible with 2 exceptions concerning the underlining : 


@ an alphanumeric belonging to G’g may be underlined, 
® any alphanumeric following a semigraphic cannot be underlined. 


USER DEFINED CHARACTER GENERATOR IN ME- 


MORY : DOR REGISTER in one 40-byte buffer (Figure 13). However, 5 bytes of a 


With 40 char./row, the elementary window dimensions on low resolution quadrichrome cell are enough to fill up the 
the screen are 10 slices x 8 pixels. Thus, a character cell window. In this case, 8 character cells can be packed in 
holds 10 bytes in memory and 4 character cells are packed one 40-byte buffer. 


FIGURE 13 — PACKING UDS CELLS IN MEMORY 
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7 
8 SLICES ARE SHIFTED LSB FIRST 
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1 TWO SLICES 
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NT 3 
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4 NT* Ft til 
A SPECIAL CASE : LOW RESOLUTION QUADRICHROME CELL (R = 1) X 


(Up to 200 characters per set) NT* =5k +NT 
k = subset index 


6-25 


The cells of one given character set should be layed in one 
block. 

Up to 100 character cells may be addressed in each set (or 
200 for low resolution quadrichrome only). The location 
in memory, where to fetch the sets in use, are declared by 


DOR register (Figure 14). For each type of set, it gives the 
MSB(s) of the Z block address. EF 9345 reads the Z LSB(s) 
in the B byte of the (equivalent) long code. As usual, the 
character code is read in the C byte. NT is derived from 
the TV line rank in the row and the double height status. 


FIGURE 14 — UDS FETCH TO DISPLAY 
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UDS) Sepia 
G'10 Even block DORQ DORG DOR G'g 
2 Kbytes 
G'11 Odd block 
7 6 5 4 3 2 1 «0 
CHARACTER 
<t—— DOR O (Quadrichrome) ha | x Xi XxX ,xX)_ xX 1X | LONG CODE B 
BYTE 
8 Kbytes 
i: 
+ T 


LOADING USER DEFINED CHARACTER SET 
Before loading a character set into RAM, the user must : 


@ Assign a name to the set : 
- G'0, G10 or G'11 for bichrome characters. 
- From Q0 to Q7 for quadrichrome characters. 


@ Assign a character number to each character belonging 
to this set . character numbers range from 0 to 3 and 
32 to 127. 

It is binary coded into 7 bits C(0:6) — C(0:6) will be 
loaded later on into a C byte character code in order to 
display the character. 


@ A pointer to a character slice in memory is then manu- 
factured from : 
- the character number C(0:6) 
- the slice number NT(0:3) 
- the block number assigned to the set Z(0:3). 


Figure 15 shows how to proceed with the auxiliary pointer 
and the OCT command. 


Note : 

The main pointer may be also used. When sequentially 
accessing slices of a given character, auto incrementation 
is helpless. 
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FIGURE 15 ~ ACCESSING A CHARACTER SLICE IN MEMORY USING OCT COMMAND WITH AUXILIARY POINTER 





ON-CHIP CHARACTER GENERATOR 


Gg set is common to 40 and 80 char./row modes (Fi- 
gure 16 and Figure 25). 

G19 is the standard mosaic set for videotex (Figure 17). 
G11, G29 and G21 cannot be reached from the 16-bit 
short fixed codes (Figure 18 and Figure 19). 


DISPLAYING THE ATTRIBUTES 


1: 


For normal operation, a double height and/or double 
width character must be repeated in memory in two 
successive Y and/or X positions. The user may other- 
wise freely mix any character size. 
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. The attributes are logically processed in the following 


order : 

Underline or underline cursor : foreground forced on 
the last slice (NT = 9). 

Flash : background periodically forced on the whole 
window (= 0.5 Hz). The phase depends on the negative 
attribute. 

Conceal! : background forced permanently on the who- 
le window. A concealed character neither blinks nor is 
underlined. 

Negative : exchange the background and foreground 
color values when set. 

Coloring. 

Complemented cursor mode. 

Insert : black color forced when required. 


. Basic pixel shift frequency : fcLK x 2/3 = 8 MHz. 


FIGURE 16 — Gp ALPHANUMERIC CHARACTER SET IN 40 CHARACTER/ROW MODE — EF9345 
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FIGURE 16 bis — Go ALPHANUMERIC CHARACTER SET IN 40 CHARACTER/ROW MODE — EF9345 ROO3 
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FIGURE 16 ter — Gg ALPHANUMERIC CHARACTER SET IN 40 CHARACTER/ROW MODE — EF9345 ROOS 
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FIGURE 18 — Gy STROKE SET 
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FIGURE 19 — Goo and Go, ACCENTUED CHARACTER SETS FOR 9345 





Example : 








Bais 


Byte B 








bits defined by user. 


X= 
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FIGURE 19 bis - Goo and Go, ACCENTUED CHARACTER SETS FOR 9345 - ROO3 





Example : 


7 6 &5§ 4 3 2 1 = 90 


ome [fe [[ofolefole 
owe [ol Tolo l= [x [xx 
ome Dex Te [ee [xTx 





X = bits defined by user. 


6-34 


FIGURE 19 ter — Goo and G,, ACCENTUED CHARACTER SETS FOR 9345 - R005 








Example : 


0 


6 5 4 3 2 


7 


Serine Se 


Byte C 





x | x] x] x] 


Byte B 








X = bits defined by user. 
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80 CHAR/ROW CHARACTER CODES 


To display pages in 80 character per row format, one of 
two character code formats must be selected : 


@ Long (12 bits) code : 4 parallel attributes and large on- 
chip 1024 semigraphic character set, 
@ Short (8 bits) code : no attribute, no semigraphic set. 


Both formats address the on-chip Go set (128 characters 
6 x 10). None allows UDS addressing. 


LONG CODES 


Each 6 pixels x 10 lines character window on the screen 
is associated with a 12-bit code in memory, namely a C 
byte and an attribute nibble A (Figure 10). C7 bit desi- 
gnates the set. 


@ Alphanumeric set : C7 = 0. 
C(0:6) designates one out of 128 alphanumeric enatae: 
ters in the Go on-chip set. This set is common to the 
40 char/row format, with the 2 right most columns 
truncated (see Figure 25). 
A(0:3) gives 4 parallel attributes. 


@ Mosaic set :C7 = 1. 
A(1:3) and C(0:6) address a dedicated mosaic character. 
Each of these address bits controls the foreground/back- 
ground status of a 3 pixels x 2 lines sub-window : fore- 
ground when the bit is set. 


AO provides a color select attribute. 


FIGURE 20 — 80 CHAR/ROW CHARACTER CODE 
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ALPHANUMERIC CHAR CODE 


N = Negative 

F = Flash 

U = Underline 
D = Color set 


128 ALPHANUMERICS 
In Gg set. 


SHORT CODES 


They are derived from the long code by giving a 0 implicit 
value to each bit of the A nibble : positive, not underlined, 
not flashing. 


PACKING THE CODES IN MEMORY 


Long codes are paired. A pair is packed in a 3-byte word. 
Therefore, the 80 codes of a row fill a 120-byte row 
buffer (Figure 21). The left most position on the screen is 
even. Its corresponding C byte is at the beginning of the 
first buffer. The next position on the screen is odd. Its 
corresponding C byte is at the beginning of the second 
buffer. Both nibbles are packed in the third buffer. With 
short codes, the same scheme yields 80-byte row buffers. 





7 6 5 4 3 2 = °1 0 3 2 1 0 
pr [x | x x 1X1X 1X1 x, x, x] | 
ac tt nal 
Cc A 


MOSAIC CHAR CODE 


3 pels 3 pels 


DEDICATED 
MOSAIC 
SET 





HOON OORWN = O 


ACCESS TO THE CODES IN MEMORY 


KRL command transfers 12 bits from/to the R1 and R3 
registers to/from memory. The read modify write oper- 
ation, necessary to write the A nibble in memory, is 
automatically performed provided that the A nibble is 
repeated in the R3 register (Figure 22). Dedicated auto- 
incrementation is also performed when required. 


KRC command does a similar job for the short codes (Fi- 
gure 23). 


A very simple scheme allows the microprocessor to trans- 
code an horizontal screen location into a pointer (Figure 
24). The joint use of this scheme with the dedicated com- 
mand alleviates all the packing/unpacking troubles. 
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FIGURE 21 — 80 CHAR/ROW CODE PACKING 
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FIGURE 22 — KRL COMMAND : SEQUENTIAL ACCESS TO LONG CODES 


KRL command 


«—— D district number 


B even <—e even position 





B+1 odd «<— odd position 


7 6 5 4 3 2 


1 0 
eee ee 


The A nibble should be repeated. 





FIGURE 23 — KRC COMMAND SEQUENTIAL ACCESS TO SHORT CODES 


KRC command 


~«@—- D district number 


B (even) 





B +1 (odd) 
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FIGURE 24 — TRANSCODING AN HORIZONTAL SCREEN LOCATION INTO A R7 POINTER 


6 5 4 3 2 1 8) 
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Rotate right 
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ee a 


Character position (0 to 79) 


DISPLAYING THE ATTRIBUTES - DOR REGISTER e 


Short code and mosaic characters are not flashing, not un- 
derlined and ‘‘positive’’. 
The attributes are processed in the following order : 


@ Underline or underlined cursor : foreground is forced . 
on the last slice (NT = 9). 
@ Flash : background is periodically (0.5 Hz — 50 %) for- ‘ 


ced on all the window. The phase depends on the nega- 
tive attribute. 


<«——-D = 1——_ > |<" D = 0 — > 


MAT - —- X Xt —|] By, Gu, Ru 
mettle ili eel 


Cu 





The pixel shift frequency is foy (12 MHz). 
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a 


X = (0 to 39) 


Block parity 


Color select : a ‘positive’ character is displayed with 
a background color same as the margin color. The fore- 
ground color is selected in DOR register by the D attri- 
bute. 


Negative : when the character is negative, background 
and foreground colors are exchanged. In complemen- 
ted CURSOR position, these colors are complemented. 


Insert : the D attribute selects one insert value in DOR 
register. This attribute is then processed up to the cur- 
rent insertion mode (see screen format and attribute 
insert section). 


BACKGND FOREGND 
COLOR COLOR 


Cm Co 
Co Cu 
Cu C4 
Cy Cm 






IGURE 25 — Gg ALPHANUMERIC CHARACTER SET IN 80 CHARACTER/ROW MODE — EF9345 
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MICROPROCESSOR ACCESS COMMANDS 


A microprocessor bus cycle may transfer one byte from/ 

to the microprocessor to/from a directly addressable regis- 

ter. These registers provide an indirect access : 

@ to/from 5 on-chip indirect registers: ROR, DOR, MAT, 
PAT and TGS. 


@ to/from the private memory. 


Due to address/data multiplexing, a bus cycle is a2 phase 
process (see Timing diagram 1 or Timing diagram 2). 


ADDRESS PHASE 
The falling edge of AS latches to AD(0:7) bus state and 
CS signal into the temporary A address register (Figure 
26). 
@ A(0:2) =) 
This register index designates one out of 8 direct access 
registers Rj. 
@ A3 = XQR 
This is the execution request bit. 
@ A(4:7) = ASN 
This is the Auto-Selection Nibble. 


e A8=LCS 
This is the latched value of CS input pin. 


EF9345 is selected when the following condition is met : 
ASN = 2 (Hexa) and LCS = 0. 


Therefore, EF9345 is mapped in the hexadecimal micro- 
processor addressing space from XX20 to XX2F, where 
XX is up to the user. When EF9345 is not selected, its AD 
bus pins float and no register can be modified. 


ADDRESS 
REGISTER 
(Temporary) 


Registre index 

Execution request (XQR) 
y Auto select nibble 
(compared to 0010) 

CCS (Latched CS) 





FIGURE 26 — DIRECT ACCESS REGISTERS 
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DATA PHASE - REGISTERS 


When EF9345 is selected and while AS input is low, the 
Rj register is accessed. 

RO designates a write-only COMMAND register or a read- 
only STATUS register. 

R1 to R7 hold the arguments of a command. They are 
read/write registers. 

R1, R2, R3 are used to transfer the data. 

R4, R5 hold the Auxiliary Pointer (AP). 

R6, R7 hold the Main Pointer (MP). 

(See memory organization ; Pointer section for pointer 
structure). 


COMMAND REGISTER 


This register holds a 4-bit command type and 4 bits of 
orthogonal parameters (see COMMAND TABLE). 


Type 


There are 4 groups of command : 

@ The IND command which gives access to on-chip 
resources, 

@ The fixed format character code transfer commands, 

@ The variable character code handling commands, 

@ The general purpose commands. 


Parameters 
R/W :Direction 
1 : to DATA registers (R71, R2, R3) 
0: from DATA registers. 
r: Internal ressource index (see Figure 27) 
I: Auto-incrementation 


1 : with post auto-incrementation 
0 : without auto-incrementation. 


p: Pointer select 
1 : auxiliary pointer 
0 : main pointer 


s, § : Source, destination select 
01 :source : MP ; destination : AP 
10 : source : AP ; destination : MP 


a, a: Stop condition 
01 : stop at end of buffer 
10 : no stop. 


STATUS REGISTER 


This is a read-only, direct access register. 


S7 : BUSY BUSY is set at the beginning of any com- 
mand execution. It is reset at completion. 

S6 :Al LXm or LXq is set when respectively the 

S5 LX main pointer or the auxiliary pointer holds 

nee X = 39 before a possible incrementation. 

$4 :LX3 The alarm bit S6 is set when LXm or LXag 
is set and an incrementation is performed 
after access. 

33% Gives the MSB value of R14. 

S2: Gives the vertical synchronization signal 


state. 
This is maskable by the VRM command. 


S$1=SO0=0 Not used. 


$3 to S6 are reset at the beginning of any command. 


The COMMAND TABLE shows every command able to 
set, each of these status bits, after completion. 


FIGURE 27 — INDIRECT ON-CHIP RESOURCE ACCESS 
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* Note: A slice in 40C only can be read from the internal character generator. The slice address must be initialized in R6, R7. 
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NOTES ON COMMAND EXECUTION 


1. The execution of any command starts at the trailing 
edge of DS when (and only when) : 
- EF9345 has been selected, 
- XQR has been set, 
at the previous AS falling edge. 


This scheme allows loading a command and its argument 
in any order. For instance, acommand, once loaded, may 
be re-executed with new or partly new arguments. 


2. At power on, the busy state is undeterminated. 
It is recommanded to load first a dummy command 
with XQR = 1 before any effective command. 


3. While Busy is set, the current command is under execu- 
tion. Register access is then restricted . 


Register access with XOR = 0 
- Read STATUS is effective. 
- Write COMMAND or any other register access are inef- 
fective. 
That is to say, the microprocessor reads undetermined va- 
lues and may not modify a register. 


Register access with XOR = 1 

- Read STATUS or write COMMAND are effective, 

- Access to other registers is ineffective. 
However, the previous command is aborted and the new 
command execution launched (with an initial state unde- 
termined for registers and memory locations handled by 
the aborted command). 


4. Execution suspension 


The execution of any command (except VRM, VSM) is 
suspended during the fast and first TV line of an active 
row. This is because the memory bus cannot be allocated 
for microprocessor access during this 104 us period. 

This holds too for internal resource access because on- 
chip data transfer uses internal data memory bus. 


IND COMMAND (See figure 27) 


This command transfers one byte between R1 and an in- 
ternal resource. The r parameter designates one on-chip 
indirect register. 


FIXED FORMAT CHARACTER CODE ACCESS : KRF, 
KRG, KRL KRC 


Each of these commands is dedicated to transfer one com- 
plete character code between DATA registers and memory. 
MP is exclusively used. 


KRF transfers 24 bits. 
KRG transfers 16 bits. 
KRL transfers 12 bits. 
KRE transfers 8 bits. 


Code packing, pointer and data structures are explained 
in the corresponding character code section. 


When auto-incrementation is enabled, MP is automatical- 
ly updated after access so as to point to the next location. 
This location corresponds to’ the next right position on 
screen. When last position (X = 39) is accessed, LX is 
set. When last position is accessed with auto-incrementa- 
tion, alarm is also set. MP is then pointing. back at the 
beginning of the row : there is no automatic Y incremen- 
tation. 


VARIABLE CODE HANDLING COMMANDS : KRV 
EXP, CMP, KRE 


An overview on these commands is given in “handling the 
variable codes” (40 char./row section). 


KRV uses RS to point the attribute file. LXg is set when 
this file is full (the last attribute pair has been accessed). 


EXP and CMP use MP and R85 in the same way as KRV. 
Furthermore, R4 points to a working double buffer. 
These two commands process a whole row buffer and stop 
either at the end of the row buffer or when the file over- 
flows. In the last case, the alarm bit is set. 


KRE uses MP to point to a buffer and R4 to point to a 
working double buffer. R5 is unused. In other respects, 
KRE is identical to KRL. 


For these commands, R4(5:7) hold the LSB’s block ad- 
dress of the working buffer W. 


ZW3 is given by bit 6 of R6. 


GENERAL PURPOSE ACCESS TO A BYTE - OCT 


This command uses either MP or AP pointer. 
When MP is in use, an overflow yields toa Y incrementa- 
tion. 


MOVE BUFFER COMMANDS: MVB, MVD, MVT 


These are memory to memory commands which use R1 as 
working register. 

MVB transfers a byte from source to destination, post-in- 
crements the 2 pointers and iterates until the stop condi- 
tion is met. MVD and MVT are similar but work respecti- 
vely with 2 byte word and 3 byte word. That is to say, 
MVB works on buffers, MVD on double buffers and MVT 
on triple buffers. If the parameter a = 1, the process stops 
when either source or destination buffer end is reached. 
lf the parameter a = O, the process never stops until abor- 
ted. In this case, main pointer overflow yields to a Y incre- 
mentation in MP. So, a whole block or page may be initia- 
lized. 


MISCELLANEOUS COMMANDS : INY, VRM and VSM 


INY command increments Y in MP. 


VRM and VSM respectively reset and set a vertical syn- 
chronization status mask. When the mask is set, status 
bit S2 remains at 0. When the mask is reset, status S2 
follows the vertical sync. state : it is reset for 2 TV lines 
per frame and stays at 1 during the remaining period. 
It becomes readable by the microprocessor from the 
status register. After power on, the mask state is unde- 
termined. 
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COMMAND TABLE 


TYPE jem CODE PARAMETER STATUS ARGUMENTS 


7 6 5 4 3 2 1 O | Al LX, LX, R17} R1 R2 R3 R4 RS RE R7 
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40 CHARACTERS - 24 BITS 
40 CHARACTERS - 16 BITS 
80 CHARACTERS - 12 BITS 

40 CHARACTERS VARIABLE 
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NO OPERATION 














p : Pointer select — : Not affected (1) Unit : 12 clock periods (1 us) without possible suspension. 
1 : auxiliary pointer W  : Used as working register (2) n : total number of words < 40 ; j = 1 for long codes, j =O 
0 : main pointer. PW (ZW, YW) : Working buffer for short codes. 
s,5  : Source, destination X  : Set or Reset (3) Worst case (20 long codes + 20 short codes). 
pussourees MIE ces unatlen mee ARS pile : : (4) These commands repeat KRF or KRG with Y incrementation 
10 : source = AP ; destination = MP I : Pointer incrementation eee : 
= a when X overflows. When the last position is reached in a row, 
a,a_ : Stop condition D : Data aa . 
: : , Y is incremented and the process starts again on the next row. 
01 : stop at end of buffer MP: Main pointer : 
oe , These commands stop only with abort. 
10 :nostop AP: Auxiliary pointer. 


r : Indirect register number. 


INTERFACE WITH EF6805CT 


AD(0:7) 


EF6805CT EF9345 





MINIMUM APPLICATION WITH 2K x 8 MEMORY 


One page memory terminal in 16-bit fixed format or 24-bit compressed format. 


ADM (0:7) 


RAM 
EF9345 2K x8 


ET2128 
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TYPICAL APPLICATION WITH 8K x 8 DYNAMIC OR PSEUDO-STATIC RAM 


Multipage terminal with possibility of multiple user definable character sets. 


EF9345 





MAXIMUM APPLICATION WITH 16K x 8 MEMORY 


Multipage terminal with user definable character sets and buffer areas. 


ADM (0:7) 


DDRESS MUX 
x 74LS157 


N 
—. 
da Da CAS 


EF9345 


x x 
z g 
N x 
2 X 
- = 
CK C 
LN 
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PHYSICAL DIMENSIONS 


CB-182 





(1) Nominai dimension 
(2) True geometrical position 


P SUFFIX 
PLASTIC PACKAGE 





CB-521 





FN SUFFIX 
SURPICOP 
(PLASTIC CHIP-CARRIER) 
























ea 1,27, ejelele 
Typ. + 17,65 


44 pins 
Y 













ORDERING INFORMATION 


EF9345 XX _ RYYY 
——_ —_——e 


Ll» Character generator 
ae Package: P 
FN 
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GRAPHIC DISPLAY PROCESSOR 


/ 





ADVANCE INFORMATION 


This GOP is a true high resolution graphic display processor, which con- 
tains all the functions required to process vector generation at a very hi3h 
speed and to generate all the timing signals required for interfacing interlaced 
or non interlaced video data on a raster scan CRT display compatible with 
‘525 line or the CCIR 625 line standards. 


The GDP’s main features are : 


— Selectable resolutions in black and white or color : 
Vertical resolution : 525 line monitor (208 or 416). 625 line monitor 
(256 or 512). 
Horizontal resolution : 256, 320", 384*, 512, 640", 768", 1024, full 
screen. (*) with external PROM. 

— High speed vector plot well suited to animation - 4 types of lines. 

— Multiplexed address and refresh for 16K or 64K dynamic RAMs. 

— No limitation on the number of selectable memory planes (colors, grey 
levels or any other attributes) 

— Multipage application capability 

— On-chip full ASCII character generator (96) - maximum alphanumeric 
screen density : 170 x 57 - programmable sizes and orientations 

— Direct interfacing with the monitor through the composite synchro and 
blanking signals 

— Automatic allocation of display memory in refresh, write, dump, and 
display cycles 

— Light pen registers and control signals 

— Three types of interrupt requests 

— Fully static design 

— TTL compatible I/O 

Single+ 5 volt supply. 
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BLOCK DIAGRAM 





Address 
controller 
and 
buffers 


Buffers 
DIN 
SYNC 


BLK 











control 






Vector 
generator 


Character 
generator 






R/W 


Synchro 





Decoding STATUS 
and 


control CTRL1 





and 
oe display 
ALL controller 





MW 





VB 


. 





CK FMAT WO LPCK 


es DO to D7 3° 


- A0to A3 


GENERAL DESCRIPTION 


Developed using NMOS technology, the GDP is an 
intelligent raster scan video display controller, fully pro- 
grammable via an eight-bit microprocessor bus. Besides 
all the timing logic functions required to generate the video, 
sync and blanking signals, the GDP includes two hardwired 
display processors : a vector and a character generator. 


This unique feature allows an ultrafast screen writing 
speed (the 1024 dot diagonal may be written in less than 
1.4 ms) at almost no microprocessor processing cost. 


The GDP is particularly well-suited to all applications 
in which the display memory is not directly addressed by 
the MPU. This feature allows a total asynchronism between 
the MPU and the GDP memory cycles and preserves the 
whole MPU memory addressing space. 


MAXIMUM RATINGS 







Rating 


Input voltage 


Symbol | Vale [| Unit 
Supply voltage —0.3 to+ 7.0 

—0.3 to+ 7.0 
Operating temperature 


[store mprure dg | SB of 


Nevertheless, where direct exchange between the micro- 
processor and the memory isnecessary, the on-chip allocation 
controller will allow this exchange without display inter- 
ference. 


The GDP is programmable using 11 internal registers 
occupying 16 consecutive addresses. These registers can also 
be modified by the GDP’s hardwired processors while a 
command is being executed. 


Note : A summary of data codes and registers is given in 
the Register address table. Hexadecimal! values are subscripted 
16 and the register bits are numbered as follows : 


eebe CEE 





The GDP inputs are protected against high 
static voltages and electric fields ; nevertheless, 
normal precautions should be taken to avoid 
voltages above the limit values on this high 
impedance circuit. 


STATIC ELECTRICAL CHARACTERISTICS (Vcc= 5 V + 5%, Vss = 0, Ta = 0 to 70° C unless otherwise noted) 












Input low voltage 


Input leakage current (Vj,= 0 to 5.25 V, Vcc= max) 





et ae eee ae) 
Input high voltage except CK Vss* 2.2 Gi Oe Cen ee 
Input high voltage CK VIHCK Vsg+3.5 = Vcc 


eS PF. ee 
Vss + 2.4 ftate cmt 





Output high voltage (Ijgaqg= —100 uA, Voc='min) 


Output low voltage (Ijgaq= 1.6 MA, Vec= min) 
Supply current 


Capacitance (Vin = 0, Ta = 25°C, f = 1.0 MHz) 














TEST LOADS 
iRQ ALL OTHER OUTPUTS 
4.75 V 475 V 
Ri*= 3.3K RL= 2.2K 
Test point Test point 
1N916 

100 pF or Equiv. 

1N4148 
C= 40 pF or Equiv. 


C= 130 pF for D0-D7 
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DYNAMIC OPERATING CONDITIONS 
(VoD = 5,0 V. +5 %, Vsg = OV ; TA = Oto+ 70° C unless otherwise noted) 


Pie (ns) Symbot | Min Max 
epetede st ee ee 
[ck pulsewidth tow —SSSCSCSC~C—CSCSCST tc dS OCS 
[eK pulse width, high ———SSSSCSCSCSCSCSCSCSCSCSC“C‘Ct‘“‘ts“‘“~‘~ KH YC 
Fok low tovalid DAD KE 
ROenanievid DAD CKD 
ek low to valid SYNGE SYN 800 
Rckiommonabk RL |p OI 
ck lowtovalidV8 SSCS C*dC 
Pek lowtovalid ACE ———SSSSSCSCSCSCSCSCSCSCCSCSd Tek Sidi 
Gk low to valid MSE_SSSSSSCSCSSY rt 800 
DekiowiowidOW 0 KON ao 
[Ck low to valid MFREE low SSSR «dC 
[CK tow tovalid FREE high —=S~*~“~SCS~S*SCS*SSCKLR |i 80 
CK low to valid DIN OE Te 
CK ow to valid 1RO [—eKtina |_| _1600_ 
CK low to valid WHITE | P—cktwai | =i 
TE pulse width, ow —SSOSCSC—~—SSCSCSCS—SsSsSt YO 
PE pulse width, high [ew | 490] 
Address pre-etup time [tas | 160 | Sd 
Address hold time eee ee ee 


Data pre-setup time (write) 195 
Data setup time (read) 320 


| TRO release time PIR E1600 
LPCK high to WHITE high (if command 08,4) LPHW | T1600 
LPCK high to [RO low LPHIRO) | {~~ 1600 
LPCK high hold time ttpcKH {| 150 | 
CK and E rise times a ae a ee ee 
CK and E fall times at i ee 
CLOCK AND OUTPUT CHARACTERISTICS 
CK 3.5V CK 3.5 v, 
CK 2.2V sare 
E | logy 0.8V | 
I | | bl 
ol mle 
uf ty 
Outputs 24V 
04V 
IRQ RELEASE TIME 
I 
2.2V | 
E | 
| tIR | 
| 24 V 


5) 
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MICROPROCESSOR BUS, WRITE ACCESS 








teL tEH 
E 
tAS tAH 
Y, 
R/W 
-tpsw 


Pe Sets 
0.0 3 


MICROPROCESSOR BUS, READ ACCESS 
tEL tEH 


<$—_—__—_ 
AO... A3 _-——— 
: ee ae 
R/W 


tDoDR tDHR 


sia (4 


SYNCHRONOUS SIGNALS WITH CK INPUT 


mi 





tckK 
tCKL — tCKH 


ee eee 
CK SS peg eyat, eel 
CKHDAD 


DAD 
ee Tin es ae 
CKL... 
ane a eeeeaery 
Bie Dae aaa 
MFREE 


LIGHT PEN SIGNALS 
tLPCKH 








LPCK 
LPHW 
aeons tere eave beware 
WHITE= 
Ma LPHIRO 
IRQ 
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PIN DESCRIPTION 


Power supplies 
a 
Vcc Vss 


DIN 
Display memory DW 
control Mw* 
Microprocessor 

bus 
MSLO 
to MSL3 

Display memory X9 E F9367 

addressing sir 
DAD6 
ALL 

Synchronizing SYNC ightipen 

ane BLK control 

blanking VB 





CK WO FMAT 
a a 


Clock Operating parameters 


*This pin outputs two items of data multiplexed by signal ALL. 
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POWER SUPPLY, CLOCK AND OPERATING PARAMETERS 


: PIN FUNCTION DESCRIPTION 
TYPE 


ee [= _[ | rr 


lie 


- lin 


a hl 


SYNCHRONIZING AND BLANKING SIGNALS 


7 vy 
BLK 25 Blanking This signal is high apart from the display window (writing or refresh). 
It is always high if bit 2 in register CTRL1 is high, but it is not affected 
by the WO input. 
VB 16 Vertical blanking | This signal is not affected by WO and register CTRL1. High during 
vertical blanking. 


DISPLAY MEMORY ADDRESSING SIGNALS 























Master. clock. All internal processor states are modified on the falling 
edge of this signal. The whole circuit logic is static and the cycle of 
this clock needs only to be ajusted according to the shape and accuracy 
the synchronizing signals should feature. 

DAD memory address multiplexing signal. !f CK is low, low addresses 
(or row addresses for the memory) are those that are output on DAD. 
The frequency of CK is a multiple of the image refresh frequency : 

- interlaced scanning : f (CK) = f (1/2 frame) x (625 or 525) x 96 

- non-interlaced scanning : f (CK) = f (frame) x (312 or 262) x 96. 





This pin is connected to Vcc, Vss, CK or CK and sets the number of 
monitor and image lines : 

Vcc : 625 line monitor, interlaced synchronization, 512 lines displayed 
CK  : 525 line monitor, interlaced synchronization, 416 lines displayed 
CK : 525 line monitor, non-interlaced synchro, 208 lines displayed 
Vss_ : 625 line monitor, non-interlaced synchro, 256 lines displayed. 












When WO is high, memory refresh nor display no longer exist. The 
hard wired write processors may operate without being interrupted. 
The ALL signal is always high. . 














Video monitor line and frame synchronization signal. For example, if 
CK is at 1.5 MHz and FMAT is high, signal SYNC is to CCIR 625 line 
50 Hz standard. 

This output is independent of input WO and of register CT RL1. 


Video monitor 
synchronizing 


















Display address Addresses that are multiplexed by the CK signal. Provided for the 
automatic refresh of the 16 K or 64 K dynamic memories. 


x9 M 4a Horizontal pointer extension bit for write operations (horizontal resolu- 
eeehy acces tions greater than 512). 


6,36 Memory select Pixel write select signals (see section : Display memory configuration.) 
7,35 
22 


Access to ail This signal makes it possible to discriminate between the collective 

memory units memory accesses to all chips (display, refresh or erase), and the memory 
accesses to a single pixel for vector or character writing purposes. 
This signal is low for collective access. 
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DISPLAY MEMORY CONTROL SIGNALS 


hie FUNCTION DESCRIPTION 
TYPE 
ake _ 
wee =“ 


MW 24 Memory 
available 


MICROPROCESSOR BUS SIGNALS 


DO-D7{ 1/0 - Data bus 1/O buffers opening is controlled through E, and the related direction 
26 through R/W. 
— AD-A3 _ Address bus Address of the register involved in microprocessor access. 
12 
has Gk a Read/write signal | Read/write signal. Write when low. 
















Selection of the memory data code corresponding to the display screen 
in the ‘off’ condition (active when high). For a black-and-white display 
(1 bit per pixel), DIN may directly be the storage entry data. 








Display memory write signal. 
Active when low. 





















This pin outputs MFREE and WHIT _ signals which are externally de- 
multiplexed by signal ALL :MFREE =MW+ALL ;WHITE=MW+ALL 


Memory free (MFREE) : 

Signal low during the next memory idle period following the OF i¢ 
command. 

This signal allows exchanges between the microprocessor and the X and 
Y flagged memory segment without affecting the display. 

Forcing to white level (WHITE) : 

Forces white level on video signal, for use of the light pen. 

Active when low. 




















2532 Be Bus exchange synchronizing and enabling signal. 
13 Interrupt request | Interrupt request towards the microprocessor, programmable through 
register CTRL1. Open drain output. 


LIGHT PEN OPERATING SIGNALS 


Light pen Light pen input. When the mechanism is set, a rising edge loads into 


strobe registers XLP and YLP the current display address and sets the XLP 
register’s LSB high. 
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REGISTER DESCRIPTION 


X AND Y REGISTERS (Addresses : 816, 916, Are. Bie) 


The X and Y registers are 12-bit read-write registers. They 
indicate the position of the next dot to be written into the 
display memory. They have no connection at all with the 
video signal generating scan, but they point the write address, 
in the same way as the pen address on a plotter. 


These 2 registers are incremented or decremented, prior 
to each write operation into the display memory, by the 
internal vector and character generators, or they may be 
directly positioned by the microprocessor. 


This 2 x 12 bit write address covers a 4096 x 4096 point 
addressing space. Only the LSBs are used here, since the 
maximum definition of the picture actually stored is 512 x 
1024 pixels (picture elements). 


In practice, the GDP assumes that it has a memory space 
of 1024 x 512 (FMAT = Vcc or CK) or 1024 x 256 
(FMAT = Vgg or GK) and disables writing outside this space, 
unless bit 3 of CTRL 1 is set. 


The above features along with the relative mode descrip- 
tion of all picture component elements make it possible to 
automatically solve the great majority of edge cut-off pro- 
blems. 


DELTAX AND DELTAY REGISTERS (Addresses : 546, 
716). 


The DELTAX and DELTAY registers are 8-bit read-write 
registers. They indicate to the vector generator the projec- 
tions of the next vector to be plotted, on the X and Y axes 
respectively. Such values are unsigned integers. The plotting 
of a vector is initiated by a write operation in the command 
register (CMD). 


CSIZE REGISTER (Address : 34, ) 


The CSIZE register is an 8-bit read-write register. !t 
indicates the scaling factors of X and Y registers for the 
symbols and characters. 98 characters are generated from a 
5 x 8 pixel matrix defined by an internal ROM. In the 
standard version, it contains the alphanumeric characters in 
the ASCII! code which may be printed, together with a 
number of special symbols. 


Each symbol can be increased by a factor P(X) or Q(Y). 
These factors are independent integers which may each vary 
from 1 to 16 and which are defined by the CSIZE register. 
The symbol generation sequence is started after writing the 
ASCII! code of the symbol to be represented in the CMD 
register. 


CTRL1 REGISTER (Address : 1,6). 


The CTRL1 register is a 7-bit read-write register, through 
which the general circuit operation may be fed with the 
required parameters. 


Bit 0 : When low, this bit inhibits writing in display memory 
(equivalent to pen or eraser up). 
When high, this bit enables writing in display memory 
(pen or eraser down). __ 
This bit controls the DW output. 


Bit 1: When low, this bit selects the eraser. 
When high, this bit selects the pen. 
This bit controls the DIN output. 


Bit 2: When low, this bit selects normal writing mode 
(writing apart from the display and refresh periods, 
which are a requirement for the dynamic storages) 
in display memory. 

When high, this bit selects the high speed writing 
mode : the display periods are deleted. Only the dy- 
namic storage refresh periods are retained. 


Bit 3 : When low, this bit indicates that the 4096 x 4096 
space is being used (the 12 XandY bits are significant) 
When high, this bit selects the cyclic screen operating 
mode. 

Bit 4 : When low, this bit inhibits the interrupt triggered by 
the light pen sequence completion. 
When high, this bit enables the interrupt. 


Bit 5: When low, this bit inhibits the interrupt release by 
vertical blanking. 
When high, this bit enables the interrupt. 


Bit 6 : When low, this bit inhibits the interrupt indicating 
that the system is ready for a new command. 
When high, this bit enables the interrupt. 


Bit 7 : Not used. Always low in read mode. 


CTRL2 REGISTER (Address : 216) 


The CTRL2 register is a 4-bit read/write register, through 
which the plotting of vectors and characters may be denoted 
by parameters. 


Bit 0, 1 : These 2 bits define 4 types of lines (continuous, 
dotted, dashed, dash-dotted). 


Bit 2 : When low, this bit defines straight writing. 
When high, it defines tilted characters. 


Bit 3 : When low, this bit defines writing along an horizontal 
line. 
When high, this bit defines writing along a vertical 
line. 


Bit 4, 5,6, 7 : Not used. Always low in read mode. 


6-57 


CMD COMMAND REGISTER (Address : 01.) 


The CMD register is an 8-bit write-only register. Each 
write operation in this register causes a command to be 
executed, upon completion of the time necessary for 
synchronizing the microprocessor access and the GDP’s 
CK clock. 


Several types of command are available : 


- vector plotting 

- character plotting 

- screen erase 

- light pen circuitry setting 

- access to the display memory through an seesina 
circuitry. 

- indirect modification of the other registers (commands 
that make it possible for the X, Y, DELTAX, DELTAY, 
CTRL1, CTRL2 and CSIZE registers to be amended or 
scratched). 


STATUS REGISTER (Address O16 or Fie) 


The STATUS register is an 8-bit read-only register. It is 
used to monitor the status of the executing statements 
entered into the circuit, and more specifically to avoid the 
need for modifying a register that is already used for the 
command currently executing. 


Bit 0 : When low, this bit indicates that a light pen sequence 
is currently executing. 
When high, it indicates that no light pen ssauence 
is currently executing. 
Bit 1: This bit is high during vertical blanking. It is the 
VB signal recopy. 
Bit 2: When low, this bit indicates that:a command is 
currently executing. 
When high, this bit indicates that the circuit is 
ready, for anew command. 
Bit 3 : This bit when low indicates that registers X and Y are 
pointing within the assumed memory space. 
This bit is obtained by applying the logical OR func- 
tion to the unused most significant bits of registers 
X and Y. 
lf FMAT = Vcc or CK, the assumed memory space 
is 1024 x 512. 
If FMAT = Vsg or CK, the assumed memory space 
is 1024 x 256. 


Bit 4 : When high, this bit indicates that an interrupt has 
been initiated by the completion of a light pen run- 
ning sequence and that this interrupt has been ena- 


bled by bit 4 in CTRL1 register. 


Bit 5 : When high, this bit indicates that an interrupt has 
been initiated by vertical blanking and that this 


interrupt has been enabled by bit 5 in CTRL1 register. 


: When high, this bit indicates that an interrupt has 
been initiated by the completion of execution of 
a command and that this interrupt has been enabled 
by bit 6 in CTRL1 register. 


When high, this bit indicates that an interrupt has 
been initiated. It is the logic OR of bits 4, 5 and 6 
in STATUS register. The [RO output state is always 
the opposite of the status of this bit. 


Bit 6 


Bit7: 


Note : Bits 4, 5, 6 and 7 are reset low by reading the STA- 
TUS register at address 0,,. Reading at address F,, does 
not modify their state. 


_XLP AND YLP REGISTERS (Addresses Cig and Dig) 


The XLP and YLP registers are read-only registers, with 
7 and 8 bits respectively. Upon completion of a light pen 
running sequence, they contain the display address sampled 
by the first edge appearing rising on the LPCK input. The 
use of such registers is discussed in section : Use of light pen 
circuitry, 


NOTES: 


1. All internal registers may be read or written at any time 
by the microprocessor. However, the precautions out- 
lined below should be observed : 


— Do not write into the CMD register if execution of 
the previous command is not completed (bit 2 of 
STATUS register). 


— Do not alter any register if it is used as an input pa- 
rameter for the internal hardwired systems (e. g. : modi- 
fying the DELTAX register while a vector plotting se- 
quence is in progress). 


— Do not read a register that is being asynchronously 
_ modified by the internal hardwired systems (e.g. : reading 
the X register while a vector plotting sequence is in 
progress may be erroneous if CK and E are asynchronous). 


2. On powering up, the writing devices may have any 
status. Before entering a command for the first time, it 
is necessary to wait until all functions currently underway 
are completed, which information can be derived from 
the STATUS register. 
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SYSTEM OPERATING PRINCIPLE 
DISPLAY MEMORY CONFIGURATION 


Assume a V x H pixel picture. Assume that each pixel 
is able to adopt 2) different states. A V x Hx b bit display 
memory is thus required. 


In those applications where H features a high value, 
the video signal frequency exceeds the maximum frequency 
of memory read access. 


Example : H = 512 with a television line frequency : the 
pixel succession period on the video signal is 83 ns. 


It is mandatory that a line of H dots be cut into h ad- 
joining segments of n bits each, read at the same time 
in the display memory, and thereafter converted to serial 
form to produce the video signal. h memory accesses per 
line are necessary. Each access loads b n-bit shift registers. 
The memory contains V x h x b n-bit words. 


b memory planes 


y 









1 memory plane= 
V xhn-bit words 


Video signal 
on b bits 


b n-bit 
shift registers 


The EF9367 is designed for the following stored image 
formats : 


V = 512 or 256 (50 Hz) 

V’ = 416 or 208 (60 Hz) 

H = hxn 

H = 1024 or lower multiples of 64 

h = 64 

n = 16, 8, 4,2, 1 (or any value below 16 using exter- 
nal PROM encoding) 

b = any value (addressing is same for all memory pla- 


nes, Management of these planes is external to 
the GDP). 


In so far as the overflow tests are concerned, the circuit 
assumes that it still has the maximum memory space for 


iS A 
PT 


Shift clock 


b planes 


! 


1 pixel 
denoted by 
b bits 





1 through 
V x h address 


(ee 


Memory cycle clock — 


Dot 


frequency 
clock 





X (1024). The test for Y is effected in the following memory 
spaces : 


512 if FMAT = Vcc or CK 
256 if FMAT = Vss or CK 


512 or 256 vertical resolution : the displayed space is iden- 
tical to the space in memory (unless a greater memory capa- 
city is deliberately selected). 


416 or 208 vertical resolution : the displayed space is smaller 
than the memory space. 


Lines not displayed are displayable using an external adder 
to dejustify the display addresses (this arrangement may be 
used for smooth roll-up/roll down. 
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DAD AND MSL OUTPUT STATUS TABLES 


The internal counters which address the display memory 
are made up of : 


— 6 horizontal address bits (h = 64) 
No, hy, hy, hg, hg, hs (fh = LSB) 
— 9 vertical address bits (V < 512) 
t, Vo,Vi1 ’ V2, V3, Va, Vs,Ve, V> 


t is here the LSB. It denotes the line parity and changes 
every frame because of interlaced scan. Within a same frame, 
Vo denotes the LSB. 


The write address is made up of the LSBs of the X and 
Y internal registers. 


Xo, %1,X%2,X%3, Xa, Xs5, Xo, X7,X%B Xo 
Yo, ¥1,Y%2,V%3,V%4,¥s,¥%6,Y7,¥8 


The GDP produces addressing signals in the sequences 
shown in the tables opposite : 


NON INTERLACED SCANNING 


256 x 572 or 208 x 512 pixel formats (H = 512, n = 8) 


Input FMAT must be low or connected to CK. 

The memory is made up of 16 K bytes per memory plane. 
The byte address is made up of 14 bits which are output 
on two runs on the DAD pins. The three MSLO, MSL1, 
MSL2 outputs are used to select one pixel out of the eight 
featuring the same address. They issue the number of the 
pixel, encoded on three bits. MSL3 is high, and is not used. 


256 x 384 or 208 x 384 pixel formats (H = 384, n = 6) 


Input FMAT must be low or connected to CK. 
The memory is organized as 16 K words x 6 bits. 


The signals produced by the chip in the sequence indicated 
for the 256 x 512 format are transcoded externally as shown 
in the opposite diagram. 


256 x 320 or 208 x 320 pixel formats (H = 320, n = 5) 


The same schematic as for 384 horizontal resolution should 
be used with a memory organized in 5 bit words. 
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st 
atc | o| 1 | 2 {3 | 


_ FMAT = Vcc or CK 


[bap 
oT Ta[s [as [el 
GE a 
va |v] vel vel val val 
Hs a] Ho] Xs Xe] | Ya 
ye ]eo] vel vsfre] valve 





Bit 
address 


Word 
address 





Y1/YO 





256 x 256 or 208 x 256 pixel formats (H = 256, n = 4) 


Input FMAT must be low or connected to CK. 

The memory is made up of 16 K words x 4 bits. The word 
address is made up of 14 bits which are output in two runs 
on the DAD pins. One of the four chips is selected by deco- 
ding pins MSL1 and MSL2 (that leads to ignore Xo : 
the X computation space is changed to 2048 pixels and ho- 
rizontal overflow detected at 512 pixels). 


INTERLACED SCANNING 


512 x 1024 or 416 x 1024 pixel formats (H = 1024, n = 16) 


Input FMAT must be connected to Vcc or CK. 
The memory comprises 32 K words x 16 bits, organized in 
two blocks of 16 K words each. 


The signals produced by the circuit in the sequence indica- 
ted for the 512 x 512 format are combined externally as 
shown at the end of the data sheet. 


512 x 768 or 416 x 768 pixel formats (H = 768, n = 12) 


Input FMAT must be connected to Vcc or CK. 
The memory comprises 32 K words x 12 bits, organized in 
two blocks of 16 K words each. 


The signals produced by the chip in the sequence indicated 
for the 512 x 512 format are transcoded externally as shown 
in the diagram below. 


512 x 640 or 416 x 640 pixel formats (H = 640, n= 10) 


The same schematic as below should be used with amemory 
organized in 10 bit words. 


512 x 512 or 416 x 512 pixel formats (H = 512, n = 8) 


The FMAT input should be tied to Vcc or CK. The memo- 
ry ismade up of V xh bytes = 32 K bytes per memory plane. 


The byte address is made up of 15 bits : 


—~ 14 are output in 2 runs on the DAD pins for the purpose 
of using 16 K x 1 bit dynamic RAMs, 
— the 15th one is output on pin MSL3. 


The 3 MSLO, 1 and 2 outputs allow to select one pixel 
out of the 8 featuring the same address, for pixel-to-pixel 
write applications. They issue the number of the involved 
pixel, encoded on 3 bits. 








Y1/Y0 


Page number 


0 
Bit 
address 
11 
Word 
address 
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MEMORY OPERATION SEQUENCE 
ALONG ONE FRAME 


Apart from the window where the memory is used for display purposes exclusively, write operations may be performed, 
except during 3 refresh periods. 





Disol D : display 

isplay wr ; ; 

period W : write 
R_: refresh 


The three period types, D, W and R, respectively, are Exceptions : 


_—_—_— 


indicated outside the circuit through the BLK and ALL — If bit 2 in register CTRL1 is high (high speed write), the 
display period is suppressed and 19 refresh cycles of 4 


signals : A ; 
lines each are executed during one frame. 


— As long as the WO input is high, the circuit is set to write 
mode, and BLK retains the same outline as it has under 
normal operating conditions. 


In these two cases, executing codes 04;,, 06:6, 0716 
and OC,, triggers a complete D sequence for a high- 
speed scan of all addresses. This lasts two frames if 
FMAT is high (or tied to CK) and one frame if FMAT is 
low (or tied to CK). 





The refresh of dynamic RAMs is automatically performed 
by the GDP. During display, the memory is entirely refreshed 
each 4 lines (256 accesses). 

During vertical blanking, 3 refresh cycles of 4 lines each are 
executed. 
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FRAME SEQUENCE — 525 LINE SYNCHRONIZATION 


CUR a De ese lll OO lO 7 


FMAT = CK 


odd frame 


ee eee gf EY ee ee Pe 
even frame , 
Sale ‘ a 


5 
| 
; ket HT 
Bn Ber renee nese gga ee ee oe ET LEN ee 
pein i 
k#—»>| [+4 Mg — 


213, 4)5]6 36 | 37 | 38] 39] 40 | 41} 42) @ 244) 245 249 | 250) 251 262 














ote 

















TV line number | , 







































































CTRL1=0) 
Refresh Refresh Display Refresh 
ALL (if 
TRL1=1 
Refresh Refresh Refresh Refresh 


Note : ALL signal high denotes write periods. 
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SYNC 


- FRAME SEQUENCE — 625 LINE SYNCHRONIZATION 


be a i ee el ea 
odd frame 


| | 
27;3/41)5;6),7 10 | 11 ae 26 | 27 | 28{ 29 Pie 294| 295 298 | 299 | 300; 301 


TV fine number | 1 293 
a PR eis acres | aaa 


BLK (if 

in eee RK} HF 

CTALI= 0) Ae ee 

pee oo 
Sie ee Bae eee ne eee eee «>| 


FMAT = Vcc even frame 


309) 310) 311) 312 



































37 | 38 | 39 | 40 43 | 44| 45) 46 | 47 

























































































bit 2 in 


CTRL1= 0) 
Refresh Refresh Display Refresh 
ALL (if 
CTRL1= 1) 
Refresh Refresh Refresh Refresh 


Note : ALL signal high denotes write periods. 


COMPOSITE SYNC AROUND FRAME SYNC 


T :CK input period (667 ns in typical application where TV line duration is 64 js) 






Vertical sync pulses 





SYNC 





End of odd frame Beginning of even frame 





96 T 48T| 48T H 8T 


SYNC 


End of even frame Beginning of odd frame 
Note : If FMAT is low or tied to CK, the pattern of the second line is repeated for each frame. 
DETAILED LINE DIAGRAM 
96 T 
T | 8T | 
Line sync 
SYNC 
Vertical 
sync pulsés 
VB / 





23 T 64T 
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HARDWIRED WRITE PROCESSOR OPERATION IN DISPLAY MEMORY 


The hardwired write processors are sequenced by the, 
master clock CK. They receive their parameters from the 
microprocessor bus. They control the X, Y write address, 
and the DIN, OW, MW and IRQ outputs. 


These harwired processors operate in continuous mode. 
In the event of conflicting access to the display memory, 
the display and refresh processors have priority. 


Since command decoding is synchronous with the 
CK master clock, any write operation into the (CMD) 
command register triggers a synchronizing mechanism which 
engages the circuit for a maximum of 2 CK cycles when the 
E input returns high. The circuit remains engaged throughout 
command execution. 


No further command should be entered as ens as bit 2 
in STATUS register is low. 


VECTOR PLOTTING 


The internal vector generator makes it possible to modify, 
within the display memory, all the dots which form the 
approximation of a straight line segment. All vectors plotted 
are described by the origin dot and the projections on the 
axes. 


The starting point co-ordinates are defined by the X, Y 
register value, prior to the plotting operation. 
Projections onto the axes are defined as absolute values 
by the DELTAX and DELTAY registers, with the sign in 
the command byte that initiates the vector plotting process. 


The vector approximation achieved here is that established 
by J. F. BRESENHAM (‘Algorithm for computer control of 
a digital plotter’’). This algorithm is executed by a hardwired 
processor which allows for a further vector component dot 
to be written in each CK clock cycle. 


During plotting, the display memory is addressed by the 
X, Y registers, which are incremented or decremented. 


On completion of vector plotting, they point to the 
end of this vector. 


All vectors may be plotted using any of the following 
line patterns : continuous, dotted, dashed, dash-dotted, 
according to the 2 LSBs in register CTRL2. 


Irrespective of such patterns, the plotting speed remains 
unchanged. The “pen down-pen up” statement required 
for plotting non-continuous lines is controlled by the 
DW output. 


For a specified non-continuous line plotted vector, 
defined by DELTAX, DELTAY, CTRL2, CMD, the DW 
sequencing during the plotting process is always the same, 
irrespective of vector origin and of the nature of previous 
plots. This feature guarantees that a specified vector can 
be deleted by plotting it again after moving X and Y to the 
starting point, and complementing bit 1 in register CTRL1. 


Since the vector plotting initiation command defines 
the sign of the projections onto the axes, all vectors may 
be plotted using 4 different commands. 


For increased programming flexibility, the system 
incorporates 16 different commands, supplemented by a set 
of 128 commands which make it possible to plot small 
size vectors by ignoring the DELTAX and DELTAY registers. 


Such commands are as follows : 
e Basic somnrhands 
fofofo}sfo}x]x}r 
| DELTAX sign ) 0 if positive 
DELTAY sign § 1 if negative 


e Commands which allow ignoring the DELTAX or 
DELTAY registers by considering them as of zero value. 


ojofolsfo}x]x}o 
Se 


0 O DELTAY ignored, DELTAX > 0 
O 1 DELTAX ignored, DELTAY >0 
1 0 DELTAX ignored, DELTAY <0 
1 1 DELTAY ignored, DELTAX <0 
Note : Bits 1 and 2 always have the same sign meaning. 
These 8 codes may be summarized by the following diagram : 





100 
4 


e Commands which allow ignoring the smaller of the two 
DELTAX and DELTAY registers, by considering it as 
being equal to the larger one, which is the same as 
plotting vectors parallel to the axes or diagonals, using a 
single DELTA register. 


jofofolr}r}x} x} x 
tN OR 
Same direction codes as above. 


e Commands in which the two registers DELTAX and 
DELTAY may be ignored by specifying the projections 
through the CMD register (0 to 3 steps for each projec- 
tion). 


BEBABEEE 


“AX 4 
(Unsigned baeaes aul Same direction code 


as previously 
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EXAMPLE : PLOTTING A DOTTED VECTOR 





X= 47 io CMD = 134, Corresponding to 
Origin : - Basic command, 
Y = 7540 - DELTAX <0 
-DELTAY >0 
CTRL1 = 034, Pen down 
bea \. LTAX = 1710 CTRL2 = 146 Dotted vector : 
rojections: 2 dots on, 
DELTAY = 1346 2 dots off. 


Plotting cycle sequence : (It is assumed that the vector generator is not interrupted by the display or refresh cycle). 


Pet teal oo alan i bea eel ae) dete A ih a 


4] 
75 


x< 


4] 
75 


4] 
75 


47 
75 


46 
76 


4] 
75 


47 
75 


45 
77 


44 
77 


43 
78 


42 
79 


40 
80 


39 
81 


37 
83 


36 
83 


32 
86 


41 
80 


38 
82 


35 
84 


34 
85 


31 
87 


30 
88 


30 
88 


33 
86 


30 
88 


30 
88 


30 
88 


< 






















































































Bit 2 of ie a eee ee eee 


me UT 


iRQ  eaenes eee neee teae 










if bit 6 
of CTRL=1 
Fil Ms Actual plot 
sync Initialization 
Y 
uo End 
88 ec 
: Dots “origin” and “end” 
are modified 
DELTAY 
Display shows : @ unmodified dot 
O doton 


DELTAX 


Note: 


Plotting a vector with DELTAX = DELTAY = 0 writes the 
dot X, Y in memory. It occupies the vector generator for 
synchronization, initialization and one write cycle. 
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CHARACTER AND SYMBOL GENERATOR 


The character generator operates in the same way as the 
vector generator, i.e. through incrementing or decrementing 
the X, Y registers, in conjunction with a DW output control. 

It receives parameters from the CSIZE, CTRL2 and CMD 
registers. The characters plotted are selected, according to 
the CMD value, out of 98 matrices (97 8-dot high x 5-dot 
wide rectangular matrices, and one 4 dot x 4 dot matrix) 
defined in an internal ROM. Two scaling factors may be 
applied to the characters plotted using X and Y defined 
by the CSIZE register. The characters may be tilted, according 
to the content of register CTRL2. 


Basic matrix 


Upon completion of a character writing process, the X 
and Y registers are positioned for writing a further charac- 
ter next to the previous one, with a 1 dot spacing, i.e. Y 
is restored to its original value and X is incremented by 6. 





\ End 


Origin 
e Unchanged ; 
(©) Altered dots ; if CMD = 4146 (in the ROM 


standard version) 


x Computed dots, not defined into the ROM (not modifi- 
able). 


Scaling factors 

Each individual dot in the 5 x 8 basic matrix may be 
replaced by a P x QO size block. 

P : X co-ordinate scaling factor 

Q : Y co-ordinate scaling factor 


The character size becomes 5P x 80. Upon completion 
of the writing process, X is incremented by 6P. The CK 
clock cycle count required is 6P x 8Q. 


P and Q may each take values from 1 through 16. 
They are defined by the CSIZE register. Each value is 
encoded on 4 bits, value 16 being encoded as 0;,. 


In register CSIZE, P is encoded on the 4 MSBs and QO on 
the 4 LSBs. 


Among the 97 rectangular matrices available in the 
standard ROM, 96 correspond to CMD values ranging from 
2016 to 7Fi¢, and the 97th matrix to OA. . In the standard 
version, these values correspond to the 96 printable charac- 
ters in the ASCII set. The 97th character is a 5P x 80 
block which may be used for deleting the other characters. 


The 98th code (0B,,) is used to plot a 4P x 4Q graphic 
block. It locates X, Y, without spacing for the next symbol. 
Such a block makes it possible to pad uniform areas on the 
screen. 


@) Modified dots 
x Computed dot 
not defined in 
ROM (not modifiable) 





Origin End 


Tilted characters 


All characters may bemodified to produce tilted characters 
or to mark the vertical co-ordinate with straight or tilted 
type symbols. Such changes may be achieved using bits 2 and 
3 in register CTRL2. 


Note : Scaling factors P and QO are always applied within 
the co-ordinates of the character before conversion. 


Character deletion 


A character may be deleted using either the same command 
code or command code 0A,,. In either case, bit 1 in regis- 
ter CTRL1 should be inverted, the origin should be the 
same as prior to a character plotting operation, as should 
the scaling factors. 


Note : Vector generator and character generator operate 
in similar ways : 


| «| vecToR CHARACTER 


DELTAX, DELTAY| CSIZE, tilting 
DW modulation Type of line | Character code | 






USE OF LIGHT PEN CIRCUITRY 


A rising edge on the LPCK input is used to sample 
the current display address in the XLP and YLP registers, 
provided that this edge is present in the frame immediately 
following loading of the 08;, or 09,, code into the CMD 
register. 

Here, the frame origin is counted starting with the VB 
falling edge. With code 08,,¢, the MW output recopies 
the BLK signal from the frame origin up to the rising edge 
on the LPCK input, or when VB starts rising again, if the 
LPCK input remains low for the entire frame. With code 


09,6, the Mw output is not activated. 

The YLP address is 8-bit coded since there are 256 display 
lines in each frame. The XLP address is 6-bit coded since 
there are 64 display cycles in each line. 


These 6 bits left-justified in register XLP indicate the 
number of the segment (h = 0 to 63) to which the point in- 
dicated by the light pen belongs. 
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The address sampled into XLP corresponds to the 
current memory cycle. Dots detected by the light pen were 
addressed in the memory during the previous cycle. Hence, 
1 should be subtracted from bit 2 in XLP register where the 
light pen electronic circuitry does not produce any addi- 
tional delay. 


If the rising edge on input LPCK occurs while VB is low, 
then the LSB in XLP is set high. This bit acts as a status 
signal which is reset to the low state by reading register 
XLP or YLP. 


The rising edge first received (LPCK or VB) sets bit 0 in 
STATUS register high. An interrupt is initiated if bit 4 in 
CTRL1 is high. 


When commands 08, or 09;, have been decoded, bit 2 
of the status register goes high (circuit ready for any further 
command) and bit 0 goes low (light pen operating sequence 
underway). 


SCREEN BLANKING COMMANDS 


Three commands (04,,¢ , 0616, 0716) will set the whole 
display memory to a status corresponding to a “black 
display screen” condition. Another command (0C;¢) may 
be used to set the whole memory to a status other than 
black (this condition being determined by bit 1 in register 
CTRL1). 


The 4 commands outlined above use the planned scanning 
of the memory addresses achieved by the display stage. 
The X and Y registers are not affected by commands 041, 
and OC,,. Hence, the time required is that corresponding 
to one frame (FMAT = 0 or CK) or two frames (FMAT = 
1 or CK). The time corresponding to the completion of the 


frame currently executing when the CMD register is loaded, 
should be added to the above time. 


For the screen blanking process, the frame origin is 
counted starting with the VB falling edge. 
The only signals affected here are the DW output, which 
remains low when VB is low, and the DIN output which is 
forced high where the 04,6, 06 ,. and 07;,. commands are 
entered. 


Such commands are activated without requiring action 
by WO input or bit 2 in register CTRL1. While these 
commands are executing, bit 2 in STATUS register remains 
low. 


EXTERNAL REQUEST FOR DISPLAY MEMORY ACCESS (MW OUTPUT) 


On writing code OF ,;¢ into the CMD register, the MW 
output 1s set low by the circuitry, during the next free 
memory cycle. 


Apart from the display and refresh periods, this cycle 


is the first complete cycle that occurs after input E is 
reset high. 


During this cycle, those addresses output on DAD and 
MSL correspond to the X and Y register contents : DW is 
high, ALL is high. 


Should the memory be engaged in a display or refresh 
operation, (which is the case when ALL is low), then this 
cycle is postponed to be executed after ALL is reset high. 
The maximum waiting time is thus 64 cycles. 


The MW signal may be used e. g. for performing a read 
or write operation into a register located between the 
display memory and the microprocessor bus. 


INTERRUPTS OPERATION 


An interrupt may be initiated by three situations denoted 
by internal signals : 


e Circuit ready for a further command 
e Vertical blanking signal 
e Light pen sequence completed. 


These three signals appear in real time in the STATUS 
register (bits 0, 1, 2). Each signal is cross-referenced to a 
mask bit in the register CTRL1 (bits 4, 5, 6). 


If the mask bit is high, the first rising edge that occurs 
on the interrupt initiating signal sets the related interrupt 
flip-flop circuit high. 

The outputs from these three flip-flop circuits appear in 
the STATUS register (bits 4, 5, 6). If one flip-flop circuit 


is high, bit 7 in the STATUS register is high, and pin IRQ is 


forced law. 
A read operation in the STATUS register at address 0; ¢ 


resets its 4 MSBs low, after input E is reset high (a read at 
address F,. maintains their value). 

The three interrupt control flip-flops are duplicated to 
prevent the loss of an interrupt coming during a read cycle 
of the STATUS register. 


The status of bits 4, 5 and 6 corresponds to the interrupt 
control flip-flop circuit output, before input E goes low. 


An interrupt coming during a read cycle of the STATUS 
register does not appear in bits 4, 5 and 6 during this read 
sequence, but during the following one. However, it may 
appear in bits 0, 1, 2 or on pin {RQ. 
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TABLE 1 — REGISTER ADDRESS 


ADDRESS REGISTER REGISTER FUNCTIONS Number 
b 














: 


Binary 





i aN A AR 
cra ite conolanainierpconvon sd 
[GrRL.2 Wector and symbol vps convo 
(esize (aac) ——SSCSSCiC 
[Themed 
[mx SCOC“‘“C*‘“‘“‘ir 
Ree oa ee 
SAL AR GS IE 
ae 
(Sar ined 
Ts] 
eae 














LSBs 


Y 
XLP (Light-pen) Reserved 
YLP (Light-pen) Reserved 


Reserved 


Reserved: These addresses are reserved for future versions of the circuit. In read mode, output buffers BO-D7 force 


a high state on the data bus. 


TABLE 2 — COMMAND REGISTER 
Pa b2 bt bd eC ES ERO 
Roy C 

Pen selection 


Clear bit 1 of CTRL Als 
Eraser selection 

Set bit O of CTRL1 : 
Pen/Eraser down selection 


Clear bitO of CTRL 1: 
Pen/Eraser up selection 


Clear screen 
X and Y registers reset to O 


X and Y reset to 0 and clear screen 


Clear screen, set CSIZE to code ‘‘minsize”’ 
All other registers reset to 0 
(except XLP, YLP) 


Light-pen initialization 
(WHITE forced low) 


Light-pen initialization 

5 x 8 block drawing 

(size according to CSIZE) 

4 x 4 block drawing 

(size according to CSIZE) 

Screen scanning : 

Pen or Eraser as defined by CTRL1 


Direct image memory access request 
for the next free cycle. 





= /)/—/o46] o > 

Ww 

=)/=> — = =m | ao > 
N 

-_ 

> 

(oe) 








0 
1 
: 












SMALL VECTOR DEFINITION : 
















0 0 0 


i 





jo) 
jo) 
_ 
Oo 








Ca CC) 
[+ | waxif wavil oirection 


Dimension 


Vector length 


O step 
1 step 
2 steps 
3 steps 





o 
jo) 
= 
= 






Vector generation 
(for b2, b1, bO see small vector definition) 


j=) 
jo) 
















2 







) 





= 
jo) 
jo) 
oO 


Direction 


010 

011 001 

110 000 

hn ihe 
100 


= _= 
= oO = 






Special direction vectors 
(for b2, b1, bO see small vector definition 


—_ — {| a _= 

-}| Oo oO 

= oO! ea fo) 
eee 
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OTHER REGISTERS 


STATUS REGISTER (Read only) 


HIGH = light-pen sequence ended Th 3 bit Re 
HIGH = vertical blanking (idem on pin VB) eas eae not latched 
HIGH = ready for anew command ; LOW = busy \ 


HIGH = pen out of display window (logical OR of the 6 MSBs of the X and Y registers) 
HIGH = light-pen sequence ended | RQ (if enabled) These 3 bits are reset after a read 
HIGH = vertical blanking IRQ (if enabled) cycle of the status register at 
HIGH = ready for a new command IRQ (if enabled) } address 0,,. 

IRQ : logical OR of bits 4,5,6 ; HIGH when IRQ output is low. 


CONTROL REGISTER 1 (Read/Write) 


HIGH = pen down ; LOW = pen up (control DW output) 

HIGH = pen ; LOW = eraser (contro! DIN output) 

HIGH = high speed write :no video (BLK output is high, mini. of memory refresh cycles) 
HIGH = cyclic screen (memory display write even if bit 3 of the status register is high) 
HIGH = enable end of the light pen sequence |RQ 

HIGH = enable VB IRQ Interrupt masks 

H!GH = enable ready for anew command IRQ 

Not used (0 for reading) 





CONTROL REGISTER 2 (Read/Write) 


REXEL eo[____Typeotvecton ————*d 
oS continuous 
y = ------- dotted 2 dots on, 2 dots off 
Nokuced Type of vectors —-—-— dashed 4 dots on, 4 dots off 
-—-dotted-dashed 10 dots on, 2 dots off, 
(always read as 0) HIGH = tilted character 2 dots on, 2 dots off. 





HIGH = character on vertical! 





axis 
Types of character orientations 
TTT TTY 
Initial 
X,Y Final 
register X, Y register 
position —menet position 
b3 =0,b2=0 b3 =0,b2= 1 b3=1,b2= 0 b3 =1,b2=1 
CSIZE = 1146 CSIZE = 1116 CSIZE = 1146 CSIZE = 111, 










SESS eRnne 





b3 =0,b2=0 b3 =0,b2= 1 
CSIZE = 22,, CSIZE = 22). 
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C-SIZE REGISTER (Read/Write) 


716 15/413{211{0| P : Scaling factor on X axis 


Q : Scaling factor on Y axis 





P Q 


P and QO may take any value between 1 and 16. This value is given by the leftmost or 
rightmost 4 bits for P and O respectively. Binary value (0) means 16. 


X AND Y REGISTERS (Read/Write) 


DDD 3 12] 110. MSBs 
[7{6|5]4]3}2]1}o LSBs 


The 4 leftmost MSBs are always 0. 


XLP and YLP REGISTERS 


(7 16 15 [4 [3 [2 Pxfo} (716 |5]4}3}2}iJo| 


L. Status bit indicating if a rising 
edge has been applied on LPCK 
during the first complete frame 
following light-pen initialization. 
This bit is reset by a read on 
XLP or YLP. 








8 bit YLP value 
always 0 


6 bit XLP value 


6-72 
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EXAMPLE OF A MONOCHROME APPLICATION : 512 x 512 or 416 x 512 












3to8decoder § €E 


8 or 16 bit 
microprocessor bus 


Data 


ONE MEMORY PLANE 
512 x 512 bits 


2 x 8 (16-K bit chips) 


Control 





8-bit shift 
register 


, Generator 
of 1.5 MHz clocks 





12 MHz crystal 
high-speed clock 


Composite 
video output mixer 


Note: FMAT «Vcc : 512 x 512 resolution - 50 Hz 625 line interlaced scanning 
FMAT =CK : 416 x 512 resolution - 60 Hz 525 line interlaced scanning. 
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EXAMPLE OF ACOLOR APPLICATION : 208 x 512 or 256 x 512 
Eight colours may be obtained from the three basic colours red (R), green (G), blue (B) 







A ei ae 


3 IDENTICAL 
MEMORY PLANES 









—_— 

ALL MSLO to 2 
D7 
to 

DO 






RAS 






MEMORY PLANE R 
256 x 512 bits 
8 x (16 K-bit chips) 












= 





= 
3 IDENTICAL 383 
REGISTERS a2s 
Boo 

aay era 
S 
@o 


Generator 
of 1.5 MHz clocks 


o S 3S 12 MHz crystal 


high-speed clock 





R G B Synchro 


Note: FMAT=Vss_: 256 x 512 resolution - 50 Hz 625 line non interlaced scanning 
FMAT =CK  : 208 x 512 resolution - 60 Hz 525 line non interlaced scanning. 
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8 or 16 bit 
microprocessor bus 









EXAMPLE OF A MONOCHROME, MULTIPAGE APPLICATION : 512 x 1024 or 416 x 1024 
(See page 30 for MUX command law) 






xQ x4 x2 x3 E 
4 to 16 decoder 
PARARAE ARR 
ja fafajejejalajajalalale}ajsjale! 
PV VVVVY VV VY VV" 


8 or 16 bit 
microprocessor bus 






DAD4 D0-D7 









DAD3 













2 PAGES 
(512 x 1024) or (416 x 1024) 







16 x (64 K-bit chips) 





Composite . 


video Video 
mixer 


Note: FMAT= Vcc: 512 x 1024 resolution - 50 Hz 625 line interlaced scanning 
FMAT = CK : 416:x 1024 resolution - 60 Hz 525 line interlaced scanning. 





24 MHz crystal 
high-speed clock 
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EXAMPLE OF A MONOCHROME, MULTIPAGE APPLICATION : 512 x 640 or 416 x 640 
(See page 30 for PROM encoding) 


to 


bg b2 by bo 
E 


Latch 
od 
i 





8 or 16 bit 
microprocessor bus 


Data 


Address 


2 PAGES 
(512 x 640) or (416 x 640) 
10 x (64 K-bit chips) 








Control 





Generator of 1.5 MHz clocks 
Composite 
video 
Video 15 MHz crystal 
mixer high-speed clock 


Note: FMAT= Vcc :512 x 640 resolution - 50 Hz 625 line interlaced scanning. 
FMAT = CK : 416 x 640 resolution - 60 Hz 525 line interlaced scanning. 
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MUX COMMAND LAW 


Following table indicates MUX command principles. 









| RAS | CAs | 
DADA4(h, ) DAD3(Xs) 
DAD1(h4) | DAD1 | DADO(X.) 
DADO(hs) 


ee | 











___ Selected MUX input | Output 
Address bit 


a 
=a 
Ae 







[pao | 
[Ao 








PAGE 









These six 


MUX are 











driven 
identically 


by CMD1 


Driven 
by CMD2 











A, 





PROM CODING PRINCIPLES 


The PROM coding consists in the use of the 10 horizon: 
tal address bits (Xo, - - - -, X9) to access the 640 pixels 
(organized in 64 segments of 10 pixels each). 


The 4 bits (bg, b,, b2, b3) are coding decimal numbers. 
Parity is maintained by BCD coding ; Xo signal is therefore 
not coded inside the PROM and provides directly bo. 


Example : Considering the pixel with decimal abscissa 
‘X = 378 (17A in hexadecimal). This pixel is inside the 38th 
segment (h = 37 dec. or 25 hex.) with an abscissa x = 8. 


One-of-ten chip selection 


One-of-64 segment selection 


The binary number 0101111010 (17A hex.) must be enco- 
ded into 1001011000 (258 hex.). 


This principle allows transcoding of all horizontal address 
values. Transcoding must only be active (PROM selection) 
during write cycles (ALL = 1) when horizontal addresses 
are output (RAS). 


Note : This transcoding system may be adapted to other ho- 
rizontal resolutions as 320, 384, 768. Horizontal resolutions 
are multiples of 64. 


b, x, 
b, x, 
b, x, 

Xa 
ho X, 
ho X, 
Ng Xs 
hs 
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PHYSICAL DIMENSIONS 


CB-182 





C SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 


(1). Nominal dimension 
(2) True geometrical position 


40 pins 


F.119 


SITELESC 
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COMPONENTS 


=f 


MOSTEK 


The EF9369 single chip palette provides alow cost, yet remarkable enhance- 
ment for any low to mid-range color graphics application. It allows display- 
ing up to 16 different colors, each of these colors being freely selected out 
of 4096 preset values. EF9369 contains a 16 register color look-up table, 
three 4-bit D/A converters and a microprocessor interface for color loading. 


@ Onchip color look-up table 

4096 color palette (16 colors selected from 4096) 

On-chip three 4-bit resolution video DACs with YY law correction 

Dot rate up to 30 Megadots per second 

Marking bit for inlay purpose 

Versatile microprocessor interface : 

— directly compatible with address/data multiplexed 8-bit microproces- 
sor bus such as 6801, EF6805CT, 8051... 

— directly compatible with non-multipiexed 8 or 16-bit microprocessor 
bus (6809, 6502, 68008...). 

Single 5 V supply 

HMOS 2 technology. 






TYPICAL APPLICATION 


MICROPROCESSOR. 


ANALOG 
VIDEO 
R 























CRT DOT CLOCK Ae 
R - MONITOR 
CONTROLLER PALETTE 


BLANKING 
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HMOS2 


SINGLE CHIP 
COLOR PALETTE 


P SUFFIX 
PLASTIC PACKAGE 


ba 


FN SUFFIX 
PLCC 28 





PIN ASSIGNMENT 





- Stresses above those hereby listed may cause 
permanent damage to the device. The ratings 
are stress ones only and functional operation. 
of the device at these or any conditions bey- 
ond those indicated in the operational sections 
of this specification is not implied. Exposure 

; to maximum rating conditions for extended 
Storage temperature range periods may affect device reliability. Standard 
aay MOS circuits handling procedure should be 

man power cisiparion used to avoid possible damage to the device. 





*With respect to Vss 


ELECTRICAL OPERATING CHARACTERISTICS 
(Vcc = 5.0V +5 %, Vss = 0, Ta =0 to 70°C) } 


+ 
ct 


Characteristic Symbol y 


> 


7 


oi 


Supply voltage 


Oo 
oO 
+ 


< 
oO 
<< 
i { 20 


Q 


B 


Oo 


Analog supply voltage - Vppc 
Analog supply current a 

Input low voltage _ 

Input high voltage a RESET C 


C 





All other inputs 


Input leakage current . 
Output high voltage (ljggg = - 500 uA) 


Output low voltage (ljgaq = 1.6 mA) 


‘= 


zr 


oO zl=jo 
i TT Oo 


< 
oO 
r 





Power dissipation 


3 
= 


Input capacitance Cin 


Three state (off state) input current Its} 


:= 


Test load for digital output Test load for analog output 
Vpp 
Test 

RL point 
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paint 20 pF 100 KO 

IN916 
or equiv. 
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MICROPROCESSOR INTERFACE TIMING AD(0:7), AS, DS, R/W, CS, CSO 
Vcc =5.0+5 %, Ta =O° to + 70°C, Cy = 100 pF on AD(0:7) 
Reference levels : Vj, = 0.8 V and Vj) = 2 V on all inputs ; Vo_ = 0.4 V and VOH = 2.4 V on all outputs. 


Typ 
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DS inactive to high impedance state time (read cycle) 
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Data access time from DS (read cycle) | tppr | - | 





TIMING DIAGRAM 1 — MULTIPLEXED MODE - MOTOROLA TYPE (SMI = Vss) 
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TIMING DIAGRAM 2 — MULTIPLEXED MODE - INTEL TYPE (SMI = Vss) 
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TIMING DIAGRAM 3 — NON-MULTIPLEXED MODE (SMI = Vcc) 
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DIGITAL VIDEO SIGNALS - HP, P(0:3), BLK, M, RESET 

Vec = 5.0+5%, Ta =0°C to + 70°C, Cy = 50 pF onM. 

Reference levels : Viz. = 0.8 V and Vipzq = 2 V on all inputs ; 
VoL = 0.4 V and VOH = 2.4 V on all outputs. 


Characteristic 


HP clock period 


HP high pulse width 


HP low pulse width 


BLK and P(0:3) set up time to HP 
BLK and P(0:3) hold time from HP 
M output delay from HP 


RESET high pulse width 





TIMING DIAGRAM 4 
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ANALOG VIDEO OUTPUTS - CA, CB, CC 
Vpcc = 5 V, Ta = O° to+ 70°C, CL = 20 pF, RL = 100 kQ 


TABLE 1 


Typ 


Low level 


High level 





Note : 
The internal A/D converters deliver on CA, CB and CC outputs 16 levels with y law correction (y = 2.8). The typical 
transfer characteristic is given by : 


yn — 
V = (7g) 28 .—E=* +0.16 Vocc 
Where N is the binary input value. 


The typical analog video output impedance is 300 22 for EF 9369-30 and 400 (2 for EF9369. 


ae 


TIMING DIAGRAM 5 
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PIN DESCRIPTION 


MICROPROCESSOR INTERFACE 
All the input/output pins are TTL compatible. 


Baal ER i 

TYPE 

AD(0:7) 8-11-14 
15-17 






























These 8 bidirectional pins are to be connected to the micro- 
processor system bus. 


Multiplexed 
address/data bus 


















When this input is connected to Vcc, the EF9369 is in the 
non multiplexed mode. 

When this input is connected to Vss (ground), the EF9369 
is in a multiplexed mode to provide a direct interface with 
either Motorola or Inte! type microprocessor. 


Interface 
mode 
select 


Address 
strobe 


In non-multiplexed mode, this input selects either the address 
register (AS = 1) or the data register (AS = 0) to be accessed. 










In multiplexed mode, the falling edge of this control signal 
latches the address on the AD(0:7) lines, the state of the 
Data Strobe (DS). and Chip Select lines (CS, CSO). When 
using Intel type microprocessor, this input must be connected 
to the ALE control line. 


Data 
strobe 










In non-multiplexed mode, this active high control signal 
enables the AD(0:7) input/output buffers and strobes data 
to/from the EF9369. This signal is usually derived from the 
processor E (#2) clock. 


In multiplexed mode, the input is strobed by the falling edge 
of AS. The strobe value selects either Motorola or Intel type. 
When using an Intel type microprocessor, DS must be connec- 
ted to the RD control line. With a Motorola type microproces- 
sor, DS must be connected to E(¢2) clock. 












This control signal determines whether the EF9369 is read 
(R/W = 1) or written (R/W = 0). When using Intel type micro- 
processor, this input must be connected to the WR control line. 


a tS — 


cs Chip Select 
cso 


CS must be low and CSO must be high to select the EF9369. 


In non-multiplexed mode, the EF9369 remains selected as long 
as the selection condition is met. 







In multiplexed mode, the selection condition ts latched when 
AS is low. 
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VIDEO INTERFACE 


SE eee 
TYPE 

P(0:3) 24-27 Pixel inputs These four TTL compatible inputs are strobed by HP into 

| the color index register to address the color look-up table. 

HP Dot clock The rising edge of this input latches the P(0:3) and BLK | 

inputs into the EF9369 and the data out of the color look-up 

table into the output registers. 
T « Marking This output is synchronised by HP and delivers the marking 
| bit value from the color look-up table. 

| CA Color ‘These three analog high impedance outputs deliver the color 

CB outputs signal levels from the internal D/A converters (DAC). The 

cc delay between CA, CB, CC outputs and the latched valueP(0:3) 

| is one HP clock period plus tpg (see Timing Diagram 5). 


Blanking A high level on this input forces the CA, CB, CC and M out- 
puts to low level. 

























Reset This active high input forces the CA, CB, CC, outputs to low 
level until the next microprocessor access to the device. 
OTHER PINS 


Power supply 45, . 
~Vppc Analog power Power supply for the internal DACs. This input can be con- 
supply nected to Vcc. 


CC 
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FUNCTIONAL DESCRIPTION 


EF9369 contains a 16 register Color-Look Up Table 
(CLUT). Each of these 13-bit register holds three 4-bit 
color fields CA (0:3), CB (0:3) and CC (0:3) and a mar- 
king bit M. 


These registers can be accessed (read or write) by the mi- 
croprocessor through the microprocessor interface. These 
registers are also read by the video process : a 4-bit pixel 


value and a clock must be provided at pixel rate to the 


P(0:3) and HP input pins. These signals may be delivered 
either by 4 video shift registers and the shifting clock of 
a bit map CRT controller or by an alphanumeric or semi- 
graphic CRT controller. The pixel value, after clock re- 
synchronisatiory, is used as a color index : it selects one 
out of the 16 CLUT registers. Each color field of the 
selected register is converted to an analog signal and deli- 
vered to one of the CA, CB or CC output. The marking 
bit is directly routed to the M output. When the CA, CB 
and CC outputs are used as RGB analog signals, one co- 
lor out of 4096 is associated to each pixel value. In short 
this process freely maps a 16 color index set into a 4096 
color set. 


MICROPROCESSOR INTERFACE 


The 8-bit microprocessor interface gives access (read or 
write) to the CLUT which is addressed as a 32 byte ta- 
ble. The 13-bit color register #N (N = 0 to 15) is access- 
ed at address 2N and 2N + 1. Even address holds CA (0:3) 
and CB (0:3), odd address holds CC (0:3) and M (see 
fig. 1). 


EF9369 provides two bus modes through the SMI pro- 

gramming pin : 

@ Multiplexed mode for address/data multiplexed 8-bit 
microprocessor bus. 

® Non-multiplexed mode for non-multiplexed 8 or 16- 
bit microprocessor bus. 


MULTIPLEXED MODE (SMI connected to Vss) 


in this mode, EF9369. can be directly connected to po- 
pular address/data multiplexed microprocessor, either 
Motorola type (6801, EF6805CT...) or Intel type (8048, 
8051, 8088..). In this last case the EF9369 AS, DS and 
R/W inputs must be connected respectively to the ALE, 
RD and WR microprocessor control lines. 


FIGURE 1 — CLUT ADDRESSING 


Color Look-Up Table (CLUT) 


6 3 
CB3 | CB2 | CB1 | CBO CA2} CA1 

CC2 | CC1 
CA2| CAI 
cC2 | cc1 


Bae x 


CA3 


Ccc3 


CA3 


CC3 


X =—don't care. 


CB3 | CB2 


CA3 | CA2 |} CA1{ CAO 
CC3 | CC2 | CC1 |} CCO 


x 
Xx 
x 
Xx 





6-91 


CLUT Byte Address Register Index 


In this mode, EF9369 maps into the microprocessor ad- 
dressing space as 32 CLUT byte address. Random access 
to one byte takes one cycle : on the falling edge of the 
AS input, EF9369 latches AD (0:7) into the on-chip ad- 
dress register, the DS and chip select lines into dedicat- 
ed flip-flops. The strobed value of DS allows recognition 
of Intel or Motorola type for further processing. (See 
pin description section and microprocessor timing dia- 
grams for details). When the EF9369 chip select lines 
enable selection, the addressed byte is accessed during 
the data phase of the cycle. 


NON MULTIPLEXED MODE (SMI connected to Vcc) 


In this mode EF9369 can be directly connected to any 
8 or 16-bit, non multiplexed, microprocessor bus (6800, 
6809, 6502, 68008...}. 


This mode provides an indirect, auto-incremented addres- 
sing scheme. EF9369 maps into the microprocessor ad- 
dressing space as 2 byte address only. AS is used to select 
one out of 2 registers : 


@® the write only address register (5 bits) addressed when 
AS = 1. 

@ the read/write data register (8 bits) addressed when 
AS = 0. ; 

Random access to a CLUT byte takes two bus cycles : 

1/ Load the CLUT address into the address register. 

2/ Access (read or write) the value in the data register. 


After each access to the data register, the address regis- 
ter is automatically incremented modulo 32. This scheme 
allows sequential addressing to the CLUT without ad- 
dress reioading, the complete CLUT can so be reloaded 
in 33 bus cycles. 


VIDEO PROCESS 


The CRT controller sends to EF9369 a pixel value on 
pins P (0:3), a pixel rate clock on HP input and a blank- 
ing signal on pin BLK. The pixel value is latched into 
the color index register by the rising edge of HP. The 
color index register selects one register in the CLUT. 
The color fields of the selected register are routed to 3 
DACs and M is directly routed to the M digital output. 
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After impedance matching, the CA, CB, and CC outputs 
can be used to drive a RGB analog color monitor. Alter- 
natively one of these outputs can be used to drive a 
monochrome monitor thus providing up to 16 gray levels. 
The marking digital output can be used to drive analog 
video switches, thus providing video overlay facility on 
a color per color basis. 


The blanking input forces the analog outputs and the M 
output to low level thus allowing the beam to be swit- 
ched off during retrace intervals. 


NOTES 


1. Each 4 bit-D/A converter is 7 corrected in order to 
linearize the luminance driven on the screen versus the 
digital value. The typical digital to voltage conversion 
law is given table 1. The output voltages are propor- 
tionnal to the analog supply voltage Vppc. When 
required, setting VDCC allows a gain adjustment. But 
in most applications, Vppc and Vpp can be derived 
from thesame supply through independent decoupling. 


2. CA, CB and CC are high impedance outputs (500 2 
typical) which require proper adaptation in most 
applications. THOMSON SEMICONDUCTORS TEA 
5114 provides such a1 V - 75 22 low cost adaptation. 
(See fig. 2). 


3. As the CLUT is shared between microprocessor access 
and video access, a low level is forced on the CA, CB, 
CC and M outputs during any chip select periods. To 
avoid to spoil the screen with black strokes it is re- 
commended to access the CLUT from the micropro- 
cessor only during the retrace periods. 


4. RESET - This input forces CA, CB, CC and M outputs 
to a low level until the next microprocessor access. 
At power on or at the beginning of a session RESET 
allows to keep a clean black screen until proper ini- 
tialization. 


INTERFACE WITH 6800/6809 TYPE MICROPROCESSOR 


CD AD: 


AS 


EF9369 


ADDRESS 
DECODER 





INTERFACE WITH EFG805CT 


PORTC AD (0:7) 
cso 
EF6805CT EF9369 
Sci el aes AS 


DS 


R/W 
10S Ss 
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FIGURE 2 — TYPICAL 1 V - 75 2 VIDEO INTERFACE 


FROM 
CRT CONTROLLER 


+12V Ov 


EF9369 


TEAS114 


TO 
MONITOR 





NOTE : Each digital or analog ground must be separately connected to EF9369 pin 1. (See AN-059). 
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PHYSICAL DIMENSIONS CB-520 





FN SUFFIX 
PLCC 28 


P SUFFIX 
PLASTIC PACKAGE 





Pin 1 identification 


11,430 


11, 582 
{ 





(1) Nominal dimension 
(2) True geometrical position 





en 1,27 
Typ. 
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THOMSON 


COMPONENTS 


@ 


MOSTEK 








ADVANCE INFORMATION 


The TS68483 is an advanced color graphic processor that 


drastically reduces the CPU software overhead for all graphic tasks 


in medium and high range graphic applications such as business 
and personal computer, industrial monitoring system and 
CAD systems. 


@ Fully programmable timing generator. 
e@ Alphanumeric and graphic drawing capability. 
@ Easy to use and powerful command set: 
— VECTOR, ARC, CIRCLE with dot or pen concept and 
programmable line style, 
— Flexible area fill command with tiling pattern, 
— Very fast block move operation, 
— Character drawing command, any size and fonts available. 
e Large frame buffer addressing space (8 megabyte) up to 
16 planes of 2048 x 2048. 
e@ Up to 256 color capabilities. 
e Mask bit planes for general clipping purpose. 


e Frame buffer can be built with standard 64K or 256K DRAM or 


Dual-Port-Memories (Video-RAM). 
e External Synchronization capability. 


@ On chip video shift registers for Dot rate less than 15 Megadots/s. 


e 8 or 16-bit bus interface compatible with market standard 
microprocessors. 

@ HMOS 2 technology. 

@ 68 - pin PLCC package. 


HOST SYSTEM 
MICROPROCESSOR MEMORY 


‘ 8 OR 16 BITS f 






















foo = dt Perse, 2 Se 
TS68483 SYNC SYNC 
cr 
CONTROLLER 


MONITOR 






DISPLAY 


MEMORY 
INTERFACE 


TYPICAL 








DISPLAY 
MEMORY 


Figure 1.1 
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ADVANCED GRAPHIC AND ALPHANUMERIC CONTROLLER 
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SECTION 1 
GENERAL OPERATION 


1.1 INTRODUCTION 

THOMSON SEMICONDUCTEURS TS68483 is an advanced color graphics controller chip. It is directly compatible with 
most popular 8 or 16-bit microprocessors. 

Its display memory, containing the frame buffer and the character generators, may be assembled from standard 
dynamic RAM components. 

On-chip video shift registers and fully programmable Video Timing Generator allow the TS68483 to be used in a wide 
range of terminals or computer design. 
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MICROPROCESSOR INTERFACE 


“ AEDS \ 


R/W - CS D(0:15) A\0:7) iRQ 


‘a ae! 
























a ae CLK 
BLK 
R10 
HVS/VS 
VCC 
VIDEO 
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AND 
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SHIFT REGISTERS 


DISPLAY MEMORY LOGIC 


TT 4 
ty ty" 


CYS CYF(0:1) B(0:1) ADM(0:15) 


Se ek ere ee me in 


DISPLAY MEMORY INTERFACE 


TS68483 BLOCK DIAGRAM 
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TS68483 PIN DESCRIPTION 
MICROPROCESSOR INTERFACE 

















Function Description 








i 
D(O:15) 1/0 6-18 Data bus These sixteen bidirectional pins provide communication with either an 8 or 16-bit host 
ers microprocessor data bus. 





|} $$ 
A(0:7) | 37-30 | Address bus These eight pins select the internal register to be accessed. The address can be latched 
[ sok | | by AE for direct connection to address/data multiplexed microprocessor busses. i 
AE | 29 Address Enable When TS68483 is connected to a non-multiplexed microprocessor bus, this input 
must be wired to VCC. 
For direct connection to a multiplexed microprocessor bus, the falling edge of AE 


latches the address onA (0:7) pins and the CS input. With an Intel type microprocessor 











AE is connected to the processor Address Latch Enable (ALE) signal. 
<<. =a = wa nd 
DS | 26 Data strobe Active low 


~ In non-multiplexed bus mode, DS low enables the bidirectionnal data buffers and 
latches the A(0:7) lines on its high to low transition. Data to be written are latched on 
the rising edge of this signal. 


~— In multiplexed bus mode, this signal low enables the output data buffers during a 
read cycle. With Intel microprocessors, this pin is connected to the RD signal. 
— e ——— | 
R/W | 28 Read/Write ‘ 


— In non-multiplexed bus mode, this signal controls the direction of data flow through 
the bidirectional data buffers. 

— In multiplexed bus mode, this signal low enables the input data buffers. The entering 
data are latched on its rising edge. With Intel microprocessors, this pin is connected to 
the WR signal. 






















This input selects the TS68483 registers for the current bus cycle. A low level | 
corresponds to an asserted chip select. 
In multiplexed mode, this input is strobed by AE. 


Chip select 























Interrupt Request This active-low open drain output acts to interrupt the microprocessor. 








MEMORY INTERFACE 











PIN : ae 
Name Type Function Description 
ADM(0:15) 1/O - Address/Data These multiplexed pins act as address and data bus for display memory intetace: | 
ie 3 - Memory 
[CYS Memory Cycle Start The falling edge of this output indicates the beginning of a memory cycle. 








O 
Y(0:2) 0 al Memory Address These outputs provide the least significant bits of the Y logical address. | 
B(0O:1)} ca - Bank number These outputs provide the number of the memory bank to be accessed during the 








current memory cycle. 


—{ 
68,1 Memory Cycle Status | These outputs indicate the nature of the current memory cycle (Read, Write, Refresh, 
Display). 


VIDEO INTERFACE 











CYF(O:1) 











PIN a : eit 
Name Type N Function Description 
Sc ac Senn RE EReneeeReReeeemeeeEeemenmeneanemnmEn enema nea 
P(0:3) O 39-42 | Video Shift Register These four pins correspond to the outputs of the internal video shift registers. 








Outputs 
rT ACRE 
PC/HS O 5 Phase comparator/ : This output can be programmed to provide either the phase comparator output or the 
Horizontal sync. horizontal sync. signal. 
HVS/VS O 4 


Ot 
SYNC IN 


















Composite or 
Vertical sync. 


This output can be programmed to provide either the composite sync. signal or the 
vertical sync. signal 


This input receives an external composite sync. signal to synchronize TS68483. 
This input must ge grounded if not used. 














External Sync 
Input 








Blanking This output provides the blanking interval information. 


OTHER PINS 








CIK 


}Ground 


Ground 


PIN his 
Name Type Function Description 
| Power supply | | Power supply | + 5 V supply 
oar % 


Clock input 
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1.2 TYPICAL APPLICATION BUILDING BLOCKS (See figure 1.1.) 
In a typical application using TS68483, a host processor drives a display unit which drives in turn a color CRT monitor. 
The display unit consists of four hardware building blocks: 


— an TS68483 advanced graphics controller, 

— a display memory (dynamic RAM), 

- a display memory interface, comprising a few TTL parts, 
— a CRT interface or CRT drivers. 


For enhanced graphics, the CRT interface may include a color look-up table circuit such as EF9369. For high pixel rate 
(over 15 Mpixels/s), the CRT interface must include high speed video shift registers. 


The display memory interface and organization are discussed in full details in the User's Manual. 


1.3 TS68483 FUNCTIONS 


All the TS68483 functions are under the control of the host microprocessor via 24 directly accessible 16-bit registers. 
These registers are referred to by their decimal index (RO - R23). See figure 1.2 


COMMAND 


=y COMMAND, DRAWING ATTRIBUTES 


TEXLIN 


MARGIN COLOR 


VIDEO 
TIMING 
GENERATOR 


STATUS | aici 
| dy | dx SHORT RELATIVE REGISTER 


Yd 


Xd DESTINATION 
‘POINTER 


AUXILIARY GEOMETRIC 
ARGUMENTS 


SOURCE 
POINTER 





FIGURE 1.2. - REGISTER MAP 
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1. Video timing and display processor (R4 to R10) 

The video timing generator is fully programmable: any popular horizontal scanning period from 20 us to 64 ps may be 
freely combined with any number of lines per field (up to 1024). The address of the display viewport (this part of the 
display memory to be actually displayed on the screen) is fully programmable. The display processor provides the 
display dynamic RAM refresh (see video timing generator section for details). 


2. Drawing and access commands (RO to Fi3, R12 to R23) 

The 16 remaining registers are used to specify a comprehensive set of commands. The highly orthogonal drawing 
command set allows the user to “draw” in the display memory such basic patterns as lines, arcs, polylines, polyarcs, 
rectangles and characters. Efficient procedures are available for either area filling and tiling or line drawing and 
texturing. Lines may be drawn with a PEN in order to get thick strokes. Any drawing is specified in a 2'* x 2'3 drawing 
coordinate system. 


To access the display memory, the host microprocessor has an indirect, sequential access to any “window”. Access 
commands can be used to load the character generators as well as to load or save arbitrary windows stored in the frame 
buffer. 


1.4 DATA TYPE DEFINITIONS 
PIXEL: this is the smallest color spot displayable on the CRT. 
PEL: a Picture Element is the coding of a PIXEL in the display memory. The TS68483 can handle 4 different PEL formats: 


~ 4 color bits ~ short 
~ 4 color bits + 1 mask bit — short masked 
~ 8 color bits — long 


- 8 color bits + 1 mask bit — long masked 


DRAWING COORDINATES: (See figure 1.3.) 

The drawing commands are specified and computed in a 2'* x 2’ cyclical coordinate system. The drawing coordinates 
are clipped and mapped into the 2'' x 2'' display memory addressing space. Further clipping to the actual frame buffer 
size may be performed by the user designed memory interface. 





FIGURE 1.3. - CYCLICAL DRAWING COORDINATES TO DISPLAY MEMORY MAPPING 


DISPLAY MEMORY: 
This is the private memory dedicated to the display unit. This memory is addressed as four banks of 4-bit plane each. 


BIT PLANE: 
Each bit plane has a maximum capacity of 2'' x 2'' bits. A byte wide organization of each bit plane is required. 
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MEMORY ADDRESS: (See figure 1.4.) 
In order to address one bit in the display memory, the user must specify: 


— A bank number (2 bits) B=Oto3 
— A bit plane number (2 bits) Z=OQOto3 
~ AY address (11 bits) Y = 0 to 2047 
— An X address (11 bits) X = 0 to 2047 


MEMORY WORD: (See figure 1.4.} 
A 32-bit memory word can be either read or written during each memory cycle (8 CLK periods), one byte at a time in 
each bit plane in the addressed bank. The memory bandwidth is in the 6 to 8 Mbytes/s range. 7 


Oodg 


BANK 0 BANK 1 BANK 2 BANK 3 





THE MEMORY WORD 4 BANKS OF 4-BIT PLANES EACH 


FIGURE 1.4. - THE DISPLAY MEMORY ADDRESSING SPACE 


VIEWPORT: 
This is any rectangular array of pels located in the display memory. 


FRAME BUFFER: 
This is the biggest viewport which can be held in the display memory. The frame buffer maps a window at the origin of 


the drawing coordinates. A short pel frame buffer may be located in any bank. Along pel frame buffer must be located in 
the “bank O, bank 1” pair. 


DISPLAY VIEWPORT: 

This is the viewport which is displayed on screen. 

MASK BIT PLANE: 

When masked pels are used, a mask bit plane must be associated to a frame buffer. Mask bit planes may be located in any 
plane of bank 3. 

CELL: 

A CELL is any pattern stored in the display memory as a rectangular array of bit mapped elements. The drawing of any 
CELL may be specified with a scaling factor. 

CHARACTER: 

This is a one bit per element CELL. It may be stored in any bit plane, then colored and drawn in a frame buffer by use of 
PRINT CHARACTER command. 

OBJECT: 

This is a one short pel per element CELL. It may be drawn or loaded in a frame buffer. A source mask bit may be 
associated to each element. An OBJECT may then be printed in another location by use of a PRINT OBJECT command. 
PEN: 

This is the pattern which is-repeatedly drawn along the coordinates defined by either a LINE or an ARC command. 
The PEN may be a DOT (single pel), a CHARACTER or an OBJECT. 
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SECTION 2 
COMMANDS 


2.1. INTRODUCTION 
The command set is strongly organized in five subset or command types. 


DRAWING COMMANDS: 

— LINEAR (line, arc) 

— AREA (rectangle, trapezium, polygon, polyarc) 
— PRINT CELL (print character, print object) 


ACCESS COMMANDS 
CONTROL COMMANDS (move cursor, abort) 


The commands are parametered; this means that any command can be executed with options freely selected out of a 
given option set. This option set is common for any command of a given type. For example, any drawing command may 
be parametered for destination mask bit use. 


COMMAND SET STRUCTURE 


Up to the pen Linear 


Monochrome 





Command 















Rectangle 
Trapezium 
Polygon 

Polyarc 


Drawing 












Bichrome 
Polychrome 


Print char 
Print object 


Load viewport Access 
Save viewport 


Modify viewport 


Move cursor - Control 
Abort 


FIGURE 2.1. - COMMAND SET STRUCTURE 



















Management 





The command code also defines the command type and its parameters. A command is completely defined when a 
value has been set for each of Its arguments. 
These arguments are: 


— the geometric arguments given in the drawing coordinate system for every drawing command. They are 
automatically mapped into the destination frame buffer; 

— the parametric values are the values required by the selected parameters; 

— the attribute values are the other values required by a drawing command; colors or scaling factors for example: 
~ the display memory addresses. 

The command code is specified in register RO. Before initiating a command execution, each argument must be specified in 
its dedicated register: - an Xd, Yd-drawing coordinate pair for example, is always located in registers R14, R15. 


The monitoring of a command execution is done by reading the status register R12 or using the IRQ signal. 


2.2. POINTERS AND GEOMETRIC ARGUMENTS 
Pointers are used to specify main geometric arguments and display memory addresses. 
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2.2.1. Display memory address 
A bit in the display memory is addressed by: 


~ a bank number B=Oto3 
- a plane number Z=0OQto3 
- an X address X = 0 to 2047 
- aY address Y = 0 to 2047 


2.2.2. Destination pointer: registers R14 to R17 


This pointer gives the coordinate (Xd, Yd) and dimension (DXd, DYd) of either a line or a window in the drawing 
coordinate system. These drawing coordinates are easily mapped into a PEL DISPLAY MEMORY address. 
(X, Y) coordinates are clipped to 11 bits in order to get the Xd, Yd destination pel addresses. 


A bank number Bd must be explicitly provided to address a destination frame buffer. When long pels are used, Bd must be 
even, 


When masked pels are used, the destination mask plane number Zd (implicitly in bank 3) must also be provided. 


2.2.3. Source pointer: registers R20 to R23 
A source cell such as a character, a pen or an object, is addressed by the source pointer in the display memory. 
A source pointer specifies: 


- abank number Bs = Oto 3 

~ a Ys address Ys = 0 to 2047 

- an Xs address; this address is a byte address so that the 3 LSBs are not specified Xs = 0 to 255 
- a cell dimension DXs, DYs 

- abit plane address Zs. 


When a character is addressed, Zs gives the plane number into the bank Bs. When an object is addressed Zs gives the 
source mask plane number in the bank B3. 


6-106 


FIGURE 2.2. - POINTERS 





13-bit positive value Pel 
address 
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VY DESTINATION 


13-bit positive value POINTER 





Absolute value 


™ Byte 


13-bit positive value address 
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a 


8-bit positive value SOURCE 


POINTER 





Underlined YYZ 


(Cell) 


11-bit positive value 


NOTE: Sign value: @ S 
es 


O: positive 
1: negative + absolute value. 
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2.2.4. Notes 


1. The TRAPEZIUM command makes a special use of R21. in this case, R21 holds an X1 drawing coordinate which has 
the same format as Xd. 


2. The ARC and POLYARC commands require two extra geometric parameters (RAD and STOP). They are specified in 
the drawing coordinates system and stored in registers R18, R19. 


3. Any drawing command may be parametered to use short incremental dimensions, DXY in register R13 instead of the 
standard DXd, DYd in the “R16, R17” register pair. (See figure 2.3). 


4. The access commands use the destination pointer location as a data buffer. The memory addresses and dimension of the 
access viewport are then specified in the source pointer, independently of the data transfer. 


5. DXd, DYd and DYs may specify a negative value. In this case, they must be coded by a sign (0 = positive, 1 = negative) and 
an 11-bit absolute value. 


7 6 5 4 3 2 1 0 
a ee eae 


dy - dx 


dx, dy = —7 to +7 (sign + absolute value) 


FIGURE 2.3. - SHORT DIMENSION REGISTER R13 


2.3. DESTINATION MASK AND SOURCE MASK 


A mask bit may be associated to any pel stored in the display memory. 


2.3.1. Destination mask use (DMU) 


Any drawing command may be parametered for destination mask use. In this case, any destination pel cannot be 
modified when its mask bit is reset. 


In other words: 


When the destination mask use (DMU) parameter is set: 
— a pel may be modified when its mask bit is set 
- a pel cannot be modified when its mask bit is reset. 


When the destination mask use (DMU) parameter is cleared: 
-— a pel may be modified, independently of its mask bit value. 


This provides a very flexible clipping mechanism not restricted to rectangular windows. (See destination pointer section 
for destination mask bit addressing). 


2.3.2. Source mask use (SMU) 


A PRINT OBJECT command may be parametered for source mask use. In this case, the source mask bit associated with 
any source pel is read first. When its mask bit is cleared, a source pel is considered as transparent. (See source pointer 
section for source mask bit addressing). 


In other words: 


When the SMU parameter is set, the color of a destination pel, mapped by a given source pel, may take this source color 
value only when this source bit mask is set. The destination pel keeps its own color value when the source bit mask ts 
cleared. 


When the SMU parameter is cleared, a source pel color may be mapped into destination pel color independently of the 
source bit mask value. 


The source bit mask acts as a TRANSPARENCY/OPACITY flag which is enabled by SMU. A PRINT OBJECT command 
may be independently parametered by both SMU and DMU. This provides a very powerful tiling, print object or mave 
mechanism. 
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2.4. DRAWING ATTRIBUTES 
The general drawing attributes are the colors, the drawing mode, and the scaling factor. 


2.4.1. Colors: registers R1 and R2 (See figure 2.4.) 


Two 8-bit color values, CO and C1, may be specified in registers R1 and R2. The low order 4-bit nibble of a color value is 
drawn in an even bank. The high order color nibble is drawn in an odd bank. When long pels are used, banks 0 and 1 are 
generally addressed as the frame buffer. When short pels are used, any bank may hold a frame buffer. In this case, the bank 
parity selects the color nibble used. (See destination pointer section for bank addressing). 





ao Ca EVEN BANK 


ODD BANK 


FIGURE 2.4. - COLOR REGISTER 


2.4.2. Drawing mode: register RO 


The drawing mode defines the transforms to be applied to the pels designated by the drawing commands. There are 
three drawing modes. 


2.4.3. Monochrome mode 


Any AREA drawing command, RECTANGLE for instance, defines through its geometric arguments an active set of 
destination pels, that is to say a set of pels to be modified. 


When DMU = 1, this active set is further reduced by the masking mechanism to only these destination pels with a bit 
mask set. 


The active destination pels are then modified according to two elementary transforms coded in RO. 


COLOR TRANSFORM: 
The color value C of each active pel is modified according to one color transform selected out of four: 


~ 00 - printed in CO: C « CO 
- 01 - printed in C1: C+ C1 
— 10 - printed in “transparent”: C « C 


— 11 - complemented: C < C. 
This yields to a reversible marker mode. 


MASK BIT TRANSFORM: 

The destination mask bit of each active pel is modified according to one mask transform selected out of four: 

- OO - reset bit mask: M+ 0 

~ QO1 - set bit mask: M< 1 

~ 10-no modification; M-M 

~ 11 - complement bit mask: M< M. 

This scheme allows the color bits and the mask bit of any pel belonging to the active set to be modified independently. 
The color transform is performed first. 


2.4.4. Bichrome mode 


A PRINT CHARACTER command is more complex because it involves two different active sets: FOREGROUND and 
BACKGROUND. 
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The FOREGROUND is that set of destination pels printed from set elements in the character cell. The BACKGROUND is 
made of ail the remaining pels belonging to the destination window. 


When DMU = 1, the FOREGROUND and BACKGROUND are further reduced by the destination masking mechanism. 
(See figure 2.6). 


A bichrome drawing mode is defined by 4 elementary and independent transforms: (see figure 2.5) 


- acolor transform 
|! For the FOREGROUND PELS 
~ a mask transform 


-~a color transform 
} For the BACKGROUNG PELS 
-|a mask transform 


BACKGROUND FOREGROUND 





00:C + CO 
COLOR 01:C+C1 
10:C<C 
11:C+€ 
00:M<+0O 
MASK O1:M+1 
10:M<M 
11:M<M 
FIGURE 2.5. - DRAWING MODE REGISTER RO 
BACKGROUND FOREGROUND 
7 6 5 4 3 2 1 0 
— — x x xX x Monochrome 
x Xx x xX Bichrome 
Polychrome 


SUMMARY 
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SET ELEMENT = 1 





(Xd, Yd) 
x X 
MASK BIT = 1 
MASK BIT = 0 
DESTINATION WINDOW CHARACTER CELL 


MAPPED CHARACTER WINDOW 


(Xd, Yd) z 








LJ 


i 
“Sy. No MopiFICATION ———__g. 


wssiel 


FOREGROUND 


BACKGROUND 


DMU = 0 DMU = 1 


FIGURE 2.6. - PRINT CHARACTER COMMAND 


2.4.5. Polychrome mode 


A print object command defines a source window through the source pointer: 
When SMU = 0, any pel of this window is active, mapped and clipped to the destination window dimension. 


When SMU = 1, only pels which have a source mask bit set are active, mapped and clipped to the destination window 
dimension. 


In both cases, when DMU = 1, the active source pels are further reduced by the destination masking mechanism. 
Both mask transforms must be programmed at “NO MODIFICATION” for correct operations. (See figure 2.5). 


2.4.6. The linear drawing command case 
A LINE or ARC drawing command may be executed in any drawing mode depending on the PEN. 
When the pen is a DOT, this pel is printed at each active coordinate according to monochrome mode. 


When the pen is a CELL, this cell is printed at each active coordinate. In the bichrome mode when the cell is a character, 
and in the polychrome mode when the cell is an object. 


For each active coordinates, the active destination set is defined by the cell dimensions (DXs, DYs). 


NOTE: when the cell is an object, SMU is not programmable and is implicitly set. A calculated coordinate is active when the 
rotated LSB linear texture bit in (R3) is set. 
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2.4.7. Scaling factor and cell mapping: (See figure 2.7 et 2.8). 
Any cell may be printed with a scaling factor. 
This scaling factor is an integer pair Sx, Sy = 1 to 16, 


This scaling factor is interpreted with the PRINT CHARACTER, PRINT OBJECT and LINEAR commands when the pen is 
a cell. The AREA or ACCESS or LINEAR (DOT) commands are never scaled. 


The LINEAR (PEN) command should be used with a scaling factor of 1 because the pen is clipped at DXs, DYs. 


The scaling factor is first applied to the source cell before mapping and drawing. The drawing and mapping is 
processed with sign bit of DYd and DYs values. (See figure 2.8). 





FIGURE 2.7. - SCALING FACTOR 
Y Y 








FIGURE 2.8 - CELL MAPPING VERSUS DYd, DYs SIGN 


Note: 

- DXs is always positive 

~ The DYs sign mirrors the cell 

- DXd must be positive with a PRINT CELL command 
- DXd and DYd may get any sign with a LINEAR 
DRAWING command. If a pen is used, these signs are 
then irrelevant to the pen drawing. The pen is mapped 
with positive increment values. 





6-112 


2.5. COMMAND SET OVERWIEW 


2.5.1. Linear drawing 
LINE (Xd, Yd, DXd, DYd). ARC (Xd, Yd, DXd, DYd, RAD, STOP). 


The curve may be drawn with any pen and with any linear texture (register R3). For each set of computed coordinates, 
R3 is right rotated and the pen is printed when the shifted bit is set. 


2.5.2. Area drawing 

RECT (Xd, Yd, DXd, DYd) 

TRAPEZIUM (Xd, Yd, DXd, DYd, X1) 

POLYGON (Xd, Yd, DXd, DYd) 

POLYARC (Xd, Yd, DXd, DYd, RAD, STOP) 

Either RECT or TRAPEZIUM allows to draw directly all the pels inside the boundary. 


Any other closed boundaries may be filled by a 3-step process: 

1. The mask bits inside a boundary box must be reset by a RECT command. 

2. Asequence of mixed POLYGON and POLYARC commands describing the closed boundary sets the mask bits of the 
pels inside this boundary. 


3. This area may then be painted by a RECTANGLE command defined for a bounding box, with destination masking. It 
may also be tiled by use of a PRINT CELL command. 


Note: the mask bit of any pel lying on the boundary itself is not guaranteed to be set by step 2. 


2.5.3. Print cell commands 

PRINT CELL (Xd, Yd, DXd, DYd; Xs, Ys, DXs, DYs) 

The cell addressed by Xs, Ys, DXs, DYs is scaled then printed at location Xd, Yd and clipped at the dXd, dYd dimensions. 
When dxXd, dYd is much larger than DXs, DYs the command may be parametered for repeat drawing. 

These commands may also be parametered for destination mask use. 

Further more the PRINT OBJECT command may be parametered for source mask use. 


These commands have a wide range of applications: text drawing, area tiling, print or move objects, scale and move 
viewports. 


Note: an underlined cell is drawn when the MSB of R23 is set. 
2.5.4. Access commands 


-~ LOAD VIEWPORT (Xs, Ys, DXs, DYs). 
— SAVE VIEWPORT (Xs, Ys, DXs, DYs). 
~ MODIFY VIEWPORT (Xs, Ys, DXs, DYs). 


These commands provide sequential access to a viewport in a frame buffer from the microprocessor data base. 

Data are transferred to/from the display memory, word sequentially. 

The R14 to R17 registers are used as a two memory word FIFO (memory word ts 8 short pels, i.e. 4 bytes). 

The source pointer (R20 - R23) is used to address the viewport for all access commands. 

When long pels are used, the command must be executed once more when the bank number in R20 has been updated. 
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2.5.5. Command execution 


Each on-chip 16-bit register has four addresses. One address is used for plain read or write. The other addresses are 
used to initiate command execution automatically on completion of the register access. 


This scheme allows the command code and its arguments to be loaded or modified in any order. An incremental line 
drawing command, for example, may be executed again and again with successive incremental dimensions and whithout 
need to reload the command code itself. 


As soon as a command execution is started, the FREE bit is cleared in the STATUS register. This bit is automatically set 
when the execution is completed. 


The commands are generally executed only during retrace intervals. However full time execution is possible when either 
the display is disabled or video RAM components are used. 


2.5.6. Status register (See figure 2.9). 


This register holds four read-only status bits: 
- FREE: this status bit is set when no execution is pending 
- VS: vertical synchronisation state 


- SEM: this status bit is set when the FIFO memory word is inaccessible to the microprocessor during a viewport 
transfer 


~ NSEM: this status bit is set when the FIFO memory word is accessible to the microprocessor during a viewport 
transfer. 


Each of these status bits is maskable, The masked status bits are NORed to the IRO output pin. 


VA 1 Vika eI IOS 


15. 9 Be 
PTL LLL LL dons 


MASK NSEM 

NSEM 

MASK SEM 

SEM 

MASK VS READ ONLY 
VS 

MASK FREE 

FREE 





FIGURE 2.9. - STATUS REGISTER 
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SECTION 3 
MICROPROCESSOR INTERFACE 


3.1. INTRODUCTION 


The TS68483 Is directly compatible with any popular 8 or 16-bit host microprocessor; either Motorola type (6809, 
68008, 68000) or Intel type (8088. 8086). 


The host microprocessor has direct access to any of the twenty four 16-bit on-chip registers through the 
microprocessor interface pins: 

~ D(0:15): 16 bidirectional data pins. 

~ A(0:7): 8 address inputs. 

- AE, DS, R/W, CS: 4 control inputs. 

The twenty four registers are mapped in the host addressing space as 256 byte addresses. (See figure 3.2) 


- A(1:5) select one out of 24 registers. 

- AO selects the low order byte (AO = 1) or the high order byte (AO = O) of the selected register. 

~ A(6:7) provide the command execution condition. 

The host microprocessor bus may be either 8 or 16-bits wide and may be address/data multiplexed or not. 


The two flags MB and BW in the CONFIGURATION register R10 allow the data bus size and multiplexed/non-multiplexed 
organization to be specified. (See figure 3.1). 








CONF. REG. TS68483 PINS 
TYPE OF MPU BUS 
16-bit (68000) ; ee R/W 0 A(1:7) D(8:15) 
NON 
MUX __ = 
8-bit (68008) : DS R/W AO A(1:7) D(0:7) 
MUX 


FIGURE 3.1. - MPU SELECTION 
eles [<[s[e[s To 
—y 
high/low byte address 
is: 16-bit register address 


Execution condition 


RnR een 


AO = 0 AO = 1 












Byte addressing 








FIGURE 3.2. - ON-CHIP ADDRESS AND BYTE PACKING 
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3.2. HARDWARE RECOMMENDATIONS (See timing diagrams 1 and 2). 


AO-PIN: : 
1. When using a 16-bit data bus, the AO input pin must be grounded. No single byte access can be performed. 


2. In order to conform with the high byte/low byte on-chip packing, the AO input pin must be inverted when using an 
8-bit bus Intel type microprocessor (8088 for example). 


A(1:7), D(0:7), D(8:15) pins: 
1. With any 8-bit data bus, the D (0:7) and D (8:15) pins must be paired in order to demultiplex the low order data bytes 
and the high order data bytes. 


2. When using address/data multiplexed bus, the D (0:7) pins are paired with A (0:7) in order to demultiplex data from 
address. 


AE, DS, R/W, CS: 
See pin description. 


3.3. SOFTWARE RECOMMENDATIONS 

1. The CONFIGURATION register R10 must be first initialized. 

The BW 15 flag is interpreted by the bus interface to recognize an 8-bit/16-bit data bus. 
The MB and BW 15 flags are used to decide when to initiate a command execution. 


2. Each register byte has 4 addresses in the microprocessor memory map. These 4 addresses differ only by A(6:7). This 
scheme allows a 68008 programmer to read or write any data type (byte, word, long word) and automatically initiate or 
not a command execution at the end of this transfer. The transfer lasts one, two or four bus cycles. 


A 68000 programmer is restricted to only word and long word data types. (See figure 3.3). 


cc 

















EXECUTION CONDITION 






Exec after 2 bus cycles 1 long word 
Exec after 4 bus cycles 1 long word* ILLEGAL 


NOTE: Word transfer must respect word boundary. 
Long word transfer must respect long word boundary. 
“Not available with 8088 MPU type. 





FIGURE 3.3. - COMMAND EXECUTION CONDITION 
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TS68483 


EF68008 





TS68483 


FIGURE 3.4. - INTERFACE WITH EF68000/68008 MPU 
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TS68483 


AD(0:7) 





TS68483 


FIGURE 3.5. - INTERFACE WITH 8086/8088 MPU 
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SECTION 4 
THE VIDEO TIMING GENERATOR 
RAM REFRESH AND DISPLAY PROCESS 


4.1. INTRODUCTION 


The Video Timing Generator is completely synchronous with the CLK input, which provides a pixel shift frequency (12 to 
15 MHz). The Video Timing Generator: 


~ delivers the blanking signal (BLK), the horizontal (HS) and vertical (VS) synchronization signals on respective ouput 
pins, 

— schedules the memory time allocated to the display process, dynamic RAM refresh and command execution, 

- is fully programmable 

— can be synchronized with an external composite video sync signal connected to the SYNC IN input. 


4.2. SCAN PARAMETERS (See table 1 and timing diagram 5) 


4.2.1. Timing units 

The time unit of any vertical parameter is the scan line. 

The time unit of any horizontal parameter is the memory cycle, which is 8 periods of the CLK input signal. 
These two parameters are internally programmed: 


- Horizontal sync pulse duration = 7 cycles 
- Vertical sync pulse duration = 2.5 lines. 


4.2.2. Blanking interval 
The blanking interval starts: 


- at the leading edge of the vertical sync pulse. Vertical blanking interval actual duration is 2.5 lines more than the 
programmed value. 

- two cycles before the leading edge of the horizontal sync pulse. The actual horizontal blanking interval duration is 3 
cycles more than the programmed value. 


NOTE: During the programmed blanking interval, the video output pins P(0:3) are forced low. 


4.2.3. Porch and margin color 
During the porch interval, the programmable margin color is displayed on the P(0:3) outputs. 
The display process may be disabled by setting DPD flag. This will be interpreted as a porch extension. 


4.2.4. Memory time sharing (See figure 4.1) 


The Video Timing Generator allocates memory cycles to either the display process, RAM refresh or command 
execution. In this respect, the scan lines per field are split between: 


~the DWY displayable lines. 
When VRE = 0, Video RAMs are not used. 


The DWY x DWX cycles in the display interval are allocated to the display process when it is enabled (DPD = 0). When the 
display process is disabled, these cycles are allocated as for non displayable lines. 


When VRE = 1, one cycle per display line is allocated to the display process. Other cycles are allocated as for non 
displayable lines. The last period of the BLKX signal may be used to load the internal video RAM shift register. 


- the non displayable lines. In one out of nine non displayable lines, DWX cycles are allocated to the refresh process when it 
is enabled (RFD = 0). 


— In Float cycle, an external X address must be provided. The Y address is still provided on ADM(0:7) and Y(0:2), while 
ADM)8:15) are in high impedance state. 
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FIGURE 4.1. - VIDEO PROGRAMMING 





4.2.5. Command access ratio 


This allocation scheme leaves about 50% of the memory bandwidth for command access when programming a 
standard TV scan. This ratio drops to the 30% range when a better monitor is in use (32 ps out of 43 us displayable per 
line, 360 lines out of 390 for a 60 Hz field rate). The higher resolution means more memory accesses in order to edit a 
given percentage of the screen area. In this case Video RAMs are very helpful to keep 90% of the memory bandwidth 
available for command access. 


4.3. DISPLAY PROCESS 


The Video Timing Generator allocates memory cycles to the Display Processor in order to read the Display Viewport 
from memory. The Display Viewport upper left corner address is programmable through DIB, YOR and XOR. The display 
viewport dimensions are related to the display interval of DWY lines by DWX cycles per field. 


4.3.1. Y addresses 


When INE = 0, the fields are not interlaced. The Y Display Viewport address is initialized with YOR at the first displayable 
line then decremented by 1 at each scan line. The Display Viewport is thus DWY pel high. 

When INE = 1, the fields are interlaced. The Y Display Viewport address is initialized as shown in the table below. It is then 
decremented by two at each scan line. The viewport is thus 2 x DWY pel high 


EVEN FIELD ODD FIELD 


Y Display Viewport address initialization when INE=1. 












4.3.2. X addresses and MODxX flags 


The X Display Viewport address Is initialized with XOR at the first displayable cycle of each displayable line. It is then 
incremented at each subsequent cycle according to MODX flags. 


VIDEO SHIFT REGISTER MEMORY CYCLE TYPE 


INTERNAL READ 
EXTERNAL DUMMY READ 


EXTERNAL DUMMY READ 


EXTERNAL FLOAT 











— In internal mode, the Display Viewport is 8. DWX pel wide. The on-chip video shift register are used. 


— In Dummy read, the memory is read but the on-chip video shift registers are not loaded, instead they retain their 
margin color. External video shift registers are presumed to be loaded by either 8 pels or 16 pels per cycle according to 
the programmed increment value. 


- In Float cycle, an extenal X address must be provided. The Y address is still provided on ADM(0:7) and Y(0:2), while 
ADM(8:15) are in high impedance state. 


NOTE: See Memory Organization and Memory Timing for further details on the memory cycles. 


4.3.3. The Video RAM case (VRE = 1) 


In this case, the last cycle of the horizontal blanking interval is systematically allocated to the display process for DWY 
scan lines per field. 


This cycle bears the scan line address, the bank number and the X address which is always XOR. 
MODX must be programmed to use external shift register (Dummy read). 
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4.3.4 PAN and TILT 


The host can tilt or pan the Display Viewport through the frame buffer by modifying YOR or XOR arguments. Panning 
is performed on 8 pel boundaries. 


4.4. DYNAMIC RAM REFRESH 
No memory cycles are explicity allocated to the RAM refresh when RFD = 1. 


When VRE = 0 and DPD = 0, the Display Process is supposed to be able to over-refresh dynamic components. This can 
be done by careful logical to component address mapping. During the remaining non displayable lines, the Display 
Viewport address continues to be incremented: Y address on each line according to INE, X address initialized by XOR 
then incremented according to MODX. This Display viewport address is allowed to address the memory for DWX cycles 
in only one line out of nine for refresh purposes. 


When VRE = 1 or DPD = 1, any line is processed as a non displayable line with respect to the refresh process. 


4.5. CONFIGURATION AND EXTERNAL SYNCHRONIZATION 

The R10 register holds eight configuration flags. Six of these flags are dedicated to the Video Timing Generator. 

- SSP: this flag selects the synchronization output pin configuration: 

— NPC, NHVS, NBLK: these three flags invert the PC/HS, HVS/VS and BLK outputs respectively. (Ex.: When NBLK = 1 
blanking is active high). 


The SYNC IN input pin provides an external composite synchronization signal input from which a Vertical Sync In (VSI) 
signal is extracted. The SYNC IN signal is sampled on-chip at CLK frequency. Its rising sampled edge is compared to the 
leading edge of HS. A PC comparison signal is externally available (see SSP and NPC flags). 


VSIE: this flag enables VSI to reset the internal line count. 


HSIE: this flag enables the rising edge of SYNC IN to act directly on the Video Timing Generator. When the leading edge 
of HS does not match at 1 clock period a rising edge of SYNC IN, one extended cycle is performed (nine clock periods 
instead of eight). 


OUTPUT PINS 


PC/HS HVS/VS 





HS VS 
PC HVS 
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MINIMUM 


NAME NUMBER OF BITS VALUES 


REGISTER DESCRIPTION FUNCTION 






















DWY Number of display lines per field 
INE Interlace Enable when INE = 1 
BKY Number of lines in vertical blanking - 2,5 Vertical scan 
FPY Number of lines in vertical front porch 
BPY Number of lines in vertical back porch + 2,5 
H Number of double cycles per line 
FPX Number of cycles in horizontal! front porch 
Horizontal scan 
BKX Number of cycles in horizontal blanking - 3 
DWX Number of cycles of the display window 
XOR 
X, Y and bank logical address in the display 
YOR memory of the display viewport 
upper left corner. Display process 
DIB 
MODX Selection of the X addressing mode 
MC Margin color 
RFD | R7 RAM refresh disable when RFD = 1 
: : = Memory time 
DPD 1 R7 Display process disable when DPD = 1 sharing 
VRE 1 R8 Video RAM enable when VRE = 1 


Piatee ceteet 


NOTE: One cycle = 8 periods of CLK clock. 


TABLE 1. 
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SECTION 5 
MEMORY ORGANIZATION 


5.1. INTRODUCTION 
The display memory is logically organized as four banks of 4-bit planes. Thus a bit address in the display memory is 
given by the quadruplet: 


— B = bank number, from 0 to 3 
- Z = plane number, from 0 to 3 
— X = bit address into the plane, from 0 to 2047 
— Y = bit address into the plane, from O to 2047. 


In one memory cycle (8 CLK periods), the controller can access a memory word. This 32-bit memory word holds one byte 
from each plane in a given bank. In order to address this memory word, the controller supplies: 


~— B(0:1): binary value, of the bank number 
~— X(3:10): binary value of the word address 
— Y(0:10): binary value of the word address. 


Z and X(0:2) are not supplied. They give only a bit address in a memory word. 


5.2. MEMORY CYCLES 
24 pins are dedicated to the memory interface. 


- ADM(0:15): these 16 bidirectional pins are multiplexed three times during a memory cycle (see Timing Diagram 3): 
- TA: address period. Output of the X(3:11) and Y(3:11) address 

- TO: even data period. The even Z bytes are either input or output 

- T1: odd data period. The odd Z bytes are either input or output. 


-— Y(0:2): three LSB Y address output pins (non-multiplexed) 

— B(0:1): two bank address output pins (non-multiplexed) 

-~ CYS: Cycle start strobe output (non-multiplexed). 

CYS is at CLK/8 frequency. A CYS pulse is delivered only when a command, display or refresh cycle is performed. 


~ CYF(0:1): Two cycle status outputs (non-multiplexed). Four cycle types are defined: 
- Command read 

- Command write 

- RAM refresh 

- Display access. 


Because several options may be selected for RAM refresh and display access by the MODX and VRE flags (see Video 
Timing Section), there are more than four memory cycle types (see Timing Diagram 3 and Table 2). 


5.3. DISPLAY MEMORY DESING OVERVIEW 
The display memory implementation is application dependant. The basic parameters are: 


- the number of pixels to be displayed Nx.Ny 

-— the number of bits per pel 

— the vertical scanning frequency, which must be picked in the 40 Hz to 80 Hz range (non interlaced) or in the 60 Hz to 
80 Hz range (interlaced). 


This yields a rough estimate of the pixel frequency. When the pixe! frequency is in the 12 to 15 MHz range and 4 bits per 
pixel or least are required, the on-chip video registers and standard dynamic RAM components may be used. When 
higher pixel rates or up to 8 bits per pixel are required, the designer must provide external shift registers. Video RAM 
components may also be considered. 


In either case, the user must design: 


- A memory block. This is the hardware memory building block. It includes the video shift registers if on-chip VSR 
cannot be used. It implies a RAM component choice. 
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~ An Address Mapper, which maps the logical address into hardware address: block selection, Row Address (RAD), 
Column Address (CAD). 

~ Amemory cycle controller. This controller monitors the CYF and CYS output pins from TS68483 and block address 
from the Mapper. It provides: 

- The CLK signal to the [TS68483 and a shift clock SCLK when external video shift registers are used 

- RAS, CAS, OE, R/W signals to the memory blocks 

- RAD and CAD Enable signals to the Mapper. 


5.3.1. Frame buffer (See figure 5.1.) 


A byte wide organization of each bit plane is required. Obviously a bit plane must contain the Display Viewport size. A 
straight organization implements only one bit plane per block. 


It may be cost effective to implement several bit planes per block. Two basic schemes may be used: 


~ One block, one Z: several bit planes, belonging to different banks, but addressed by the same Z, share a given block. 
There is little time constraint if any. 


- One block, two Z: two bit planes, belonging to the same bank share a given block. In this case, this block must be accessed 
twice during a memory cycle. This can be solved by two successive page mode accesses. 


ADM(8:15) ADM(0:7) 
8 8 
8(T1) 8(TO) 8(T1) 8(TO) 
BO ie 
_— 
B3 > 
Z3 Z2 21 ZO 


ONE BLOCK-ONE Z 


ADM (8:15) ADM (0:7) 


it | 


(TO. T1) = Page mode 


ONE BLOCK-TWO Z 
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———— 











TYPICAL BLOCK SIZE 





16K x 8 32K x 8 64K x 8 256K x 8 
512 x 256 512 x 512 1024 x 512 2048 x 1024 
256 x 256 512 x 256 512 x 12 po 






ONE BLOCK-ONE BIT PLANE 


ONE BLOCK-TWO BIT PLANES 









COMPONENTS: 

64K BITS: 16K x 4 or 64K x 1 

256K BITS: 32K x 8, 64K x 4, 256K x 1 
VIDEO RAM: 64K x 1, 64K x 4 


FIGURE 5.1. - FRAME BUFFER ORGANIZATION 


OUTPUT PINS easy: MULTIPLEXED ADM 

Pe | FUNCTION FLAGS CYCLE TYPE 
1 O 

-—— 

1 0 COMMAND READ a ZO, Z2 21, 23 READ 

















1 1 COMMAND WRITE “ Z0, Z2 71, 23 WRITE 

0 0 READ 
0 l DISPLAY 0 1 DUMMY READ + 1 
: A eee 1 0 DUMMY READ + 2 


FLOAT X 





Refresh: dummy read cycle is performed. 


A MEMORY WORD 





X(0:2) 


TABLE 2. - MEMORY CYCLE TYPES 


10 X 


TA: ADDRESS PERIOD 











TO: EVEN Z BYTE PERIOD 7 Z=0 0 
T1: ODD Z BYTE PERIOD 7 Z=3 0 7 L245 0 
HIGHER BYTES LOWER BYTES 


FIGURE 5.2. - THE MULTIPLEXING SCHEME 
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5.3.2. Masking planes 


Masking planes are very useful for general purpose area filling or clipping. It may be practical to use one or two planes 
smaller than the color bit plane if they cyclically cover a frame buffer. 


The masking planes must be in bank 3. 


5.3.3. Objects and characters 
Objects may be located in unused parts of the frame buffer. 


Character generators can be implemented in any plane of any bank. They can also be implemented in ROM. In this case, 
plane Z = 1 or 3 offer relaxed access time requirements. 


5.4. EXAMPLES 


Figure 5.3. gives the schematic for a 512 x 384 non interlaced application. A CLK signal in the 13 to 15 MHz range 
should produce a 50 to 60 Hz refresh rate. The on-chip video shift registers may be used if no more than four bits per 
pixel are required. One 64K x 8 memory block may be implemented using either eight 64K x 1 or two 64K x 4 
components. One memory block holds two 512 x 384 color bit planes. 
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ADM(8:15) ADM(0:7) 





BANK ENABLE 





CADO 
ADSEL 
CYCLE CONTROLLER 
DATA 
20/22 
MEMORY 
ADDRESS 
RAS 


64K x 8 MEMORY BLOCK 


BANK 0 
2 BIT MAP PLANE 
<= ONE BLOCK THROUGH PAGE MODE 
BANK 3 128 > SPARED AREA 





FIGURE 5.3. - MEMORY ORGANIZATION FOR 512 x 384 APPLICATION 
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SECTION 6 
TIMING DIAGRAM 


6.1. MICROPROCESSOR INTERFACE 


TS68483 has an eight bit address bus and a sixteen bit data bus. Little external logic is needed to adapt bus control 
signals from most of the common multiplexed or non-multiplexed bus microprocessors. 


Microprocessor interface timing: A(0:7), D(0:15), AE, DS, CS, RAW 
Voc = 5.0 V + 5%, TA = TL to TH, CL = 100 pF on D(0:15) 
Reference levels: Vi. = 0.8 V and VIH = 2 V on all inputs 

VOL = 0.4 V and VOH = 2.4 V on all outputs 


UNMUX MODE 









Ee Characteristic 
Address set up time from CS 

Data strobe width (High) 150 
AS set up time from CS 

Data strobe width-low (Read cycle) 

Address hold time from DS 
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A(0:7) 


AS (MPU) 


cs 


R/W 


DATA OUT 
D(0:15) 


A(0:7) 


AS (MPU) 


cs 


R/W 


DATA IN 
D(0:15) 


UNMUX MODE 


O 
=. 
READ CYCLE 
O © 
RCO 
© 
-o. 
O aoe 


ae 
¢ | | &£ 
@ @ 


WRITE CYCLE 


6-131 


Microprocessor interface timing: A(0:7), D(0:15), AE. DS, CS, RAW 
Veco = 5.0 V + 5%, TA = TL to TH. CL = 100 pF on D(0:15) 
Reference levels: ViL = 0.8 V and ViH = 2 V on all inputs 

VOL = 0.4 V and VOH = 2.4 V on all outputs 


MUX MODE 


pf - | me 
Address set up time to AE inactive 


wis ae) 

2 ented 
CS set up time to AE inactive po] - | me 
Pefewme 
Tefecmeme 
TT ieesemmm 
a loeeceomnettiw = ff 
a [aersinmmmsemmmm | = | 
 [oeensimeeitinsemn = 
p[eeewtee d 
semen 
fe [amr 
ce [einen 
oe [aeeremceems ff 
7 [tienes ff 
e Sememnentmmmemo w= 












AE width high 
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MUX MODE 


o 
skey———— 
® . 
© ss, ene 
R/W @ @) 


: a: se: 








READ CYCLE 
G)— 
eof 
(3) 
DS @) ® 
R/W ees | @ 
@ O— ++ ® 
A/D 4 A > 4 DIN Y 
+ ao 
FAST WRITE Ce 4) Din » 


WRITE CYCLE 
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6.2. MEMORY INTERFACE 


ADM(0:15), B(O:1), CYF(O:1), ¥(0:2), CYS 

Vec = 5.0V+5%, TA =TLtoTH 

CLK duty cycle = 50%, period T 

Reference levels: Vi_ = 0.8 V and ViIH = 2 V. VOL = 0.4 V and VOH = 2.4 V 


IDENT 
NUMBER CHARACTERISTIC . 


Oe 
a finneentened 
Se 
a 
<a 
a — 
ae 
— 









Output hold time from CLK 


Input data hold time from CLK (read cycle) 






Input data set up time from CLK (read cycle) 


NOTE: All timing is referenced to the rising edge of CLK. (See timing diagram 3) 
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SEL-9 


CLK 


CYS 


B(0:1) 


CYF(O:1) 


Y(0:2) 


ADM(0:15) 
WRITE CYCLE 


ADM(0:15) 
READ CYCLE 


ADM(0:15) 
DUMMY READ CYCLE 


eenanelniss 


a 
pg ee | te 
<a) eee 
eo 
(= [h}- —{ =| {<p 

8) 


D(EVEN 2) 


\ 


DISPLAY 
FLOATING 
CYCLE —_— oo OT 
ADM(8:15) 





ETE oD ote ——w/ 


6.3. VIDEO INTERFACE 


PO, P1, P2, P3, BLK, HVS/VS, PC/HS 
Veco = 5.0V+5%, TA = TL to TH, CLK duty cycle = 50% 
Reference levels: VIL = 0.8 V and ViH = 2 V, VOL = 0.4 V and VOH = 2.4 V, CL = 50 pF 


TIMING DIAGRAM 4. 


© 
@ 


CLK 


P(0:3) 
BLK 


HVS/VS : b 
PC/HS 








IDENT 








3 Output delay from CLK rising edge ae 

















oO 


jou hold time 10 
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= = 
[ aa 


ao 


LEL-9 


SYNCHRONIZATION SIGNAL OUTPUTS 







2HT 






(NPC = 1) HORIZONTAL SYNC 
BLKX 
& BKX FPX— DWwx 
VS | 2.5 LINES | 2.5 LINES NON INTERLACED 
(NHVS = 1) HVS ce eye ee EXAMPLE 


BKY+FPY+DWY+BPY = 525 





EVEN FIELD 





EVEN FIELD: BKY+FPY+DWY+BPY LINES 


(NBLK = 1) BLK ape ae ee 
vb sky roy rf ow eel 





VS 2.5 LINES 2.5 LINES INTERLACED 
US ea a ee eee es SeUaeey oes = 312 
FOR 625 LINES 
ODD FIELD: BKY-+FPY+DWY+BPY+1/2 LINES EVEN FIELD 
(NBLK = 1) BLK 


mie BKY FPY >} —___—— DWY BPY ade 


MAXIMUM RATINGS 


Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and 
functional operation of the device at these or any conditions beyond those indicated in the operational sections of this 
specification is not implied. Exposure to maximum rating conditions for extended periods may affect device reliability. 
Standard MOS circuits handling procedure should be used to avoid possible damage to the device. 


SYMBOL VALUE UNIT 


Te [sere | 
oe Ed 

ELECTRICAL CHARACTERISTICS 

(Voc = 5.0 V + 5%, VSS = 0, TA = TL to TH) (unless otherwise specified) 








RATING 










Supply voltage 






Input voltage 





Operating temperature range 
TS68483C 
TS68483V 
TS68483M 















Storage temperature range 







Max power dissipation 


* With respect to VSS 






Input low voltage 







Input high voltage 






Output high voltage (lloag = ~ 500 pA) 






Ouput low voltage 
load = 4 mA: ADM(0:15) 
llgad = 1 mA; other outputs 








Power dissipation 





input capacitance 
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Mitt licth a 





oc 
O 
a) 
O 
O 
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jong 
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ANS" 


7 oN 
: i. \ 
| i lt Be 
\ {G La gee, 55. 
ppogoeq00000 000009000000 


Y3INIOd LSAGQ ee —s—sSSSSSCSM LN FDUN'OS 


ee 
MMMMMMMMP_I 


Vdd 


EF 
Yn 


VMMMMMMMMMla_s) | 2) 


7 
ene 


— 


Uy 


Ovl-9 





ppm [armz—c| 


NAZ-Spwno 


—- como 


ACCESS 
CURSOR 


CONTROL 


DMU =1 
sP=1 

SRU=1 
PEN=0 
PEN =1 


BEG=1 
INC =0 
INC = 1 
REP = 1 
SMU = 1 


DWN = 1 
LEF = 1 





7.2. COMMAND TABLE 








CODE PARAMETERS ARGUMENTS POINTERS END COMMAND | EXECUTION TIME 


a = rte tote o | Ro| Rt | R2 | R3/R13/R18/R19/R14/R15/R16/R17/R20|R21/R22|R23| CURSOR POSITION LOOP 7 
DOT LINE DMU} SP | SRU| xX cPefetat [Dela fa [x TTT banal | at [oor 
PEN LINE EL OU es A RS 
DOT ARC Powe fofofsy a | «fowl se aux [x pea txf etapa tape tet TP Te [ve [olor [oor 
PEN ARC | par [o|o{1| pou| pen |omu| sp [sru] x {xi x|x{xixix{xixix{x{ x] xix] x] xe [ove [reroute] ce 
rectancie | rec [1(1(1] 1 | 0 [omul sp [saul x| xix] [x{ | [x{x{xix] | | | | xa [yatovalior| at 
TRAPEZIUM | tra lolifo] 1 | o [omu] sp (smu) x{ xix] fx} | |x{ixix}x} [x] | (xatoxd)va+pva ror 
POLYGON | Fut _fofsfo| o | secjomul sp | sau} x |x| x] |x} | {xix} x|x] | | | (xe+pxalyaspval tor] oe 
POLYARC | Fta [o[1[1] o | Bec |omu| se [sru] x] x} x} o[x}i xix} x{x}x}xt tof tf x | ve fier] 
PRINT CHARACTER | PcA |1[o[1] 1 | REP |oMU| sp | sRU| x {x} x} |x|} | | x[ x] x} x] x |x| x | x [xdpxd Some fel «SR 
MEMORY 
WORD 

















x 





x 


ronecr | P= [ool owi me fowls feb PP [bel fbx Ta Pa fbf De Pat 
| fomu| 1 | sru[ x | x | xt ft fx} x] xy xt x | x] x | x patoxd ye 
LOAD VIEWPORT nie oes ees ee Sseenes 
SAVE VIEWPORT Eao0n fo | 1 | INC pee Err 
MODIFY VIEWPORT is 2T | 107 | 


x | x] x 

PX |X 
UP-DOWN MOVE Pow [iaop-o fo [1 DWN | SRU [xa fo 
LEFTRIGHT MOvE | LRM | 1/ i/o] 1 | Ler | atoxd 
ie 
eae 
ee 






oe Eee | 
DIAGONAL Move | coM]1|{1{0] 1 | LeF | 1 |DWN| sRU Xd-+Dxd] Yd+DYd 


Nooperarion | nor {i]1]0/ 0 | 0 | o | o | 0 | 


nsort faa frst { 11+ ]+ 1) 


ae 
ee 
LZ 
2 
a 
= Ga 
fe at 
ae meee NSE Es 
ie eae i Eis 


: Destination mask use. NOTE: With PVF command, any pel with color different from O has its source mask implicitly set and 
: Short pel: long pel when SP=0O. used. In other words, pels with color value O are transparent. 
: Short relative register use (R13). ~ DXd, DYd, and DYs are signed values. 
: The pen is a single pel. ~ DXs is always positive. 
: POL=0: the pen is the character cell addressed by the source pointer. - T = memory cycle = 8 CLK clock periods. 
POL = 1: the pen is the object associated with a source mask addressed - For execution time, add to the short pel loop in the table: 
by the source pointer. > 1T if DMU=1 
: Initiate a polygon or polyarc filling. - 1T if SMU=1 
This parameter should be reset only when the second drawing is not identical - 2T if long pen are used 
to the first one (Ex: first polygon, then polyarc). - 2T if mask printing is required. 
: The source pointer is not auto-incremented. Command execution is performed only out of the display periods. 
: XFT=1: the source pointer is auto-incremented, X direction first. NOTE 1: for FLL and FLA commands, add 4T and 8T respectively per pel belonging to the boundary. 


XFT = 0: The source pointer is auto-incremented or auto-decremented, Y direction first. 


: The cell is stepped and repeated through the destination window. 


When REP=0, only one cell is printed. 


: The source mask is used. 
: The cursor is moved down (up if DWN=0). 
: The cursor is moved left (right if LEF=0Q). 


SECTION 8 


MECHANICAL DATA AND 
ORDERING INFORMATION 


8.1. MECHANICAL DATA 


Pin) identification 
j 2,61 





CB-523 











ar rf 27 |} _ 051 
en 1.27 jeje ejejelejeseselelelejeseieses mox. 25,27 
: Typ. Sais FN SUFFIX 
0,812 68 pins PLCC68 
4 0,33) Versions A/B 
min. 0,533 











CB-710 














2452 





! 68 pins E SUFFIX 


LCCC68 
\ 
CB-710 | 
cel DATA. JEDEC SITELESC |} 
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8.2. ORDERING INFORMATION 










PACKAGE TYPE TEMPERATURE RANGE PART NUMBER 
PLCC 
LCCC -40°Cto+ 85°C TS684483VE 
E Suffix -— 56° C to + 126°C TS 684483ME 





6-142 


THOMSON TS68494 


COMPONENTS 


PALETTE AND SERIAL PORT CONTROLLER 


mm gy 
| MS Nm 


MOSTEK 





ADVANCE INFORMATION 


The TS68494 single chip color palette can be used in any low to mid 
range color graphics application to provide up to 256 colors freely selected 
between 4096 values. 


Moreover, the TS68494 integrates a serial port controller for dual port 
video-RAM. 


Powerful and cost effective graphics and text application may be achieved 
with THOMSON-SEMICONDUCTEURS Graphics processor family 
(TS68483/68493) and TS68494 chip set. 


Main features : 
PLCC44 
One chip color look-up table 
256 colors 8 bits/pixel) between 4096 CB-229 
Up to 35 Mpixels/sec 
Three on-chip 4-bit video DACs 
RS-343A compatible video outputs 
Serial port controller for dual port video-RAM 
Logical operation between pixel value and programmable masks 
Horizontal zoom and panning capability 
Standard microprocessor interface, TS68000 compatible 
Single 5V supply 
44 pin PLCC and 48 DIL packages 


TYPICAL APPLICATION 


SYSTEM BUS 


PICTURE 
MEMORY 
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BLOCK DIAGRAM 


FROM MICROPROCESSOR 





D(0:7) DTACK AO OS R/W 














VIDEO SHIFT REGISTERS 


MICROPROCESSOR 
INTERFACE 






TMA(O:7) 2)_\ > 


Vv 
OIGITAL ve 
VIDEO 
INPUTS GNO 
; MODE REGISTER 
Tma(0:7) ) YS 





AODORESS 
REGISTER 









AND REGISTER 
OR REGISTER 


VIDEO 
TIMING 
GENERATOR 










COLOR LOOK-UP 
MEMORY 
256 x 12 


yoVy 


OUTPUT REGISTER 












Vooc 


ence 
ANALOG COLOR OUTPUTS 
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FRAME BUFFER INTERFACE 


Function Description 


Serial port These two clocks, with inverted phase, shift data out of video-RAM serial 
Shift clock ports during the active display period. 


Shift rate can be programmed at HP/8, HP/4 or HP/2 according to the Mode 
Register programming. 


36 Serial output These signals are used to contro! the video-RAM serial port outputs in order 


35 Enable to multiplex one to four outputs to the same bus. 
34 


33 36 
TMA(0:7) 23-16 | 25-18 Pixel value | - In non multiplexed mode the 8 bit pixel value is fed to TMA (4 : 7) « 
TMB(0:7) 24-31 | 26-33 Inputs (Respectively pixel bit 6, 4, 2,0) and TMB (4: 7) (Respectively pixel 
bit 7,5, 3, 1) at pixel clock rate (HP) 
- In multiplexed mode, TMA(0:7) and TMB(0:7) are multiplexed in 
order to load the internal shift registers. During each cycle of eight 


HP clock periods, these sixteen lines are multiplexed four times to 
provide the value of eight pixels. 





VIDEO INTERFACE 


Pin No. Description 
type PLCC 


This clock is the pixel clock HP divided by eight. It can be used as a basic 


DCLK 39 42 HP/8 
clock by a Video Timing Generator of a graphics processor. 
| ace [1 | 40 | a3 Blanking This active low input forces the R,G,B analog output to blank level. 
Avs [1 [oat | 4a | Composite synch. } This input is sampled by the rising edge of the DCLK clock. 


R 43 46 Color output 
G 42 45 
B 44 47 
MICROPROCESSOR INTERFACE 
AO 12 12 Address During a microprocessor access, this line selects the higher byte (AO = 0) 
or the lower byte (AQ = 1) of a register. 
| os | 1 | 13 | 13 | datastrobe This active low input selects the TS68494 for a microprocessor access. 
RW Read/Write This control signal determines whether the TS68494 is read (R/W = 1) or 
written (R/W=0). 
DTACK 11 11 Data transfer This active-low open drain output signals the completion of a bus cycle 
Acknowledge 


OTHER PINS 


Name Pin we: 
type | PLCC 
Vopc Ss Analog power Power supply for the internal DACs. 
supply +5 V for RS-343A standard. 
OO 


NOTE :Pin No. 35 in DIP package in not connected. 
















This clock controls the internal shift registers operation and the 
internal Timing Generator. 















These three analog outputs deliver the color signals from the internal DACs. 
The synch. information is delivered on the Green signal (RS-343A standard). 












These eight bidirectionnal lines are connected to the microprocessor 
data bus. 

















Description 
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FUNCTIONAL DESCRIPTION 


MICROPROCESSOR INTERFACE 


The TS68494 is directly compatible with TS68000 micro- 
processor family and can be easily interfaced with most of 
the other standard microprocessor families such as 6809, 
8086 (Figure 1). 

Data transfer between the TS68494 and the micropro- 
cessor is made by logical 16-bit words through an 8-bit 
data bus. The microprocessor has access to seven internal 
registers. 


Write access 


During a write operation, a 16-bit word contains a 12-bit 
data field and 3-bit address field. The address field selects 
the register to be accessed (Figure 2). 


As the higher byte (AO = 0) contains the address, it must 
be loaded first. 


A(1:19 
DECODER 


TS68008 an 


Data written to the color register is loaded into the color 
look-up memory at the location pointed by the Color 
Address Pointer (CAP). When bit IW is set in the Mode 
Register, the CAP is automatically incremented after each 
access to the lower byte (AO = 1). 


Read access 


Before any read operation, the Read Address Register 
(RAR) must be initialized. 


When the contents of RAR is different from 0, the 
register pointed by RAR can he read by the microproces- 
sor at address AO= 1. 


When RAR = O, the color look-up memory location 
pointed by the Color Address Pointer (CAP) can be read 
by the microprocessor. Each 12-bit word of the color 
look-up memory can be read at address AO = O and 
AO = 1. When bit IR is set in the mode register, the CAP is 
auto-incremented after each access to address AO = 1, thus 
allowing sequential access to the color look-up memory. 


| ADORESS 


| ADORESS 


DECODER 





FIGURE 1 — INTERFACE WITH TS68000 FAMILY 


6-146 


REGISTER ADDRESSING — Write operation 


AO = 0 Ao= 1 
a Na «et eee ee 
15 0 
V—,--~ Nee 
ADDRESS DATA FIELD 


FIELD 


001 : COLOR ADDRESS POINTER (CAP) 


010 READ ADDRESS REGISTER (RAR) 
011 MODE REGISTER (MR) 

100 OR REGISTER 

10 1 AND REGISTER 

110 PAN REGISTER (PR) 


711711 =: RESERVED 


COLOR REGISTER ADDRESSING — Write operation 


AO =0 AO =1 


GL 
7 0 7 0 
Contes 2 ae 


EY 


12 BIT DATA FIELD 
LOOK UP MEMORY ADDRESS IS IN CAP 





REGISTER ADDRESSING —Read operation 
A0O=1 


DATA FIELD 
REGISTER ADDRESS+#(O, 0, 0) IS IN RAR 


COLOR REGISTER ADDRESSING — Read operation 
AO =0 AO = 1 


— ee SSS ay 
7 0 7 0 


———_ , YY 


12 BIT DATA FIELD 


COLOR REGISTER A.DDRESS= (0, 0,0) ISIN RAR 
LOOK UP MEMORY ADDRESS IS IN ADDRESS IS IN CAP 


FIGURE 2 — REGISTER ADDRESSING 
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REGISTER DESCRIPTION 


MODE REGISTER-MR 


PICTURE MEMORY CONFIGURATION: 
1,2,4 MEMORY PLANE PER MEMORY BLOCK 


HORIZONTAL PAN ENABLE 


HORIZONTAL ZOOM ENABLE 


COLOR MAP ADDRESS REGISTER: 
AUTO-INCREMENTATION IN WRITE ACCESS 


COLOR MAP ADDRESS REGISTER: 
AUTO-INCREMENTATION IN READ ACCESS. 





AND/OR REGISTERS 


7 0 

PIXEL VALUE REGISTER 

AND REGISTER 

OR REGISTER 

COLOR MAP ADDRESS 

READ ADDRESS REGISTER-RAR 

7 0 
ee et see lp 4 
YY 


ee REGISTER SELECTED FOR READ ACCESS 


PAN REGISTER-PR 


7 0 
Set eee 
Se 


| POSITION OF THE FIRST DISPLAYED 
PIXEL (MODULO 8) 


COLOR ADDRESS POINTER-CAP 
7 0 


Po 


COLOR LOOK-UP MEMORY ADDRESS 
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COLOR REGISTER 


AO0=0 





7 0 


VIDEO PROCESS 


The pixel value received by the TS68494 is logically 
ANDed and ORed with the AND and OR registers. The 
result is used to address the color look-up memory. 


The 12-bit word at the output of the memory is latched 
into the color output register. Each 4-bit field is fed to the 
respective DAC which delivers the analog signal confor- 
ming to RS-343A standard (Figure 3). 


TS68494 


Zoom operation 


The zoom mode is active when bit MR3 is set in the mode 
register. Except for the DCLK signal, all the clocks gene- 
rated by the TS68494 Timing Generator are divided by 
two. 


Pan operation (MR2 = 1) 


This mode allows horizontal scrolling from 0 to 7 pixels, 
through the Pan Register PR. 


2N2222A 
68 2 





TO MONITOR 


FIGURE 3 — RS343-A COMPATIBLE VIDEO INTERFACE 
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OPERATING MODES 


The TS68494 provides four different operating modes, 
depending on the frame buffer organization. 


Non multiplexed mode (MR1 = 1, MRO = 1) 


In this mode, the 8-bit pixel value present on TMA(4:7) 
and TMB(4:7) inputs is latched on the rising edge of HP 
clock. After AND and OR operations, it addresses the 
color look-up memory (Figure 8). 


Memory organization 


With the three multiplexed modes, the frame buffer must 
be organized into blocks of video-RAMs. Each block 
provides eight serial ports outputs, which deliver after 
each shift operation the information for eight consecu- 
tive pixels, one bit/pixel. 

According to the memory type used and the size of the 
screen, a memory block may contain one, two or four 
memory bit planes. For example, a block made of two 
64K x 4 video-RAMs can contains one plane of 1024 x 512, 
two planes of 512 x 512 or four planes 512 x 256 
(Figure 4). 

The timing generator outputs SC (0:1), SOE (0:3) are 
enabled by the BLK signal. 


ONE BLOCK/ONE PLANE 


ONE BLOCK/TWO PLANES 


ONE BLOCK/FOUR PLANES 


Tea ee ems 
BERERERES 


VIDEO-RAM 
INTERNAL SHIFT REGISTERS 


Pxy 





Multiplexed mode 0 (MR1 = 0, MRO = 0) 


In this mode, each memory block contains only one 
memory bit plane. The serial outputs of the four memory 
blocks holding the even planes are multiplexed to 
TMA(0:7) lines. Those of the memory blocks holding the 
odd planes are multiplexed to TMB(0:7) lines (Figure 5). 
During each cycle of eight pixel clock periods, the TMA 
and TMB inputs are multiplexed four times. The multi- 
plexing process_is achieved through the Shift Output 
Enable signals SOE(0:3) provided by the TS69494. The 
Serial Shift Clocks for the video-RAM serials ports SCO 
and SC1 are provided by the TS68494 by dividing the 
pixel clock by eight. 


Multiplexed mode 1 (MR1 = 0, MRO = 1) 


Each memory block contains two memory bit planes. 
Only SOEO and SOE1 are used to multiplex two blocks. 
The shift clocks SCO and SC1 delivered by the TS68494 
are obtained by dividing the pixel clock by four (Figure 6). 


Multiplexed mode 2 (MR1 = 0, MRO = 0) 


Each memory block contains four memory bit planes. 
Only SOEO signal is used. The Shift Clock SCO is 
obtained by dividing the pixel clock by two (Figure 7). 


256 BITS/ROW 


ert et 
ea Kes Bas 


A MEMORY PLANE 
ONE BIT/PIXEL 


pofesfrafrafrafpsfrster | TT TC 
a Sa ee eee 
SESEEARERRER 
Ba fete leet cl 












L PLANE NUMBER 
PIXEL NUMBER IN A PLANE 





FIGURE 4 — MEMORY BLOCK ORGANIZATION 
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Sco Sco Sco 


SC1 SCl SCi 





TMA\(0:7) TMB(0:7) 


| 
m 
w 


TMA TN-1.6 TN.O ™N.4 T™N.2 ™N.6 


FIGURE 5 — MULTIPLEXED MODE 0 
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PLANES 








Sco Sco 
8 
Sci sci 
TMA(0:7) TMB(0:7) 
HP 
Sco 





Sci 


n 
d| | 
m 
NA) _ 





2) 
O 
m 
x) 





TMA ™N-1.6 T™N.O ™N.4 TN.2 ™N.6 


FIGURE 6 — MULTIPLEXED MODE 1 
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PLANES PLANES 


0-4-2-6 1-§-3-7 
sco Sco 
SOEO SOEO 
TMA(0:7) TMB(0:7) 

















HP 
SCO 
Sci 
co! \S/S WS VS VS 
SOE(1:3) 
TMA IN-1.6 ™N.0 ™N.4 ™N.2 TN. 
FIGURE 7 — MULTIPLEXED MODE 2 
TAT AU AVAVAUAVAUAUAUAt 
™ K__Xenr Xen fen-ih OX XX 
Sco:1 
SOE (0:3) 





FIGURE 8 — NON MULTIPLEXED MODE 
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MAXIMUM RATINGS 


Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and 
functional operation of the device at these or any conditions beyond those indicated in the operational sections of this 
specification is not implied. Exposure to maximum rating conditions for extended periods may affect device reliability. 
Standard MOS circuits handling procedure should be used to avoid possible damage to the device. 


A. A AE 


Operating temperature range a Oto +70 
Storage temperature range — 55 to + 150 


[esimamsowersinonton om 


“ With respect to GND 













TH 





ELECTRICAL OPERATING CHARACTERISTICS 
(Voc =5.0V+5 %. Vgg =0. Ta =0 to + 70° C) (Unless otherwise specified) 





Analog supply voltage 







Input low voltage 






Input high voltage 


Input leakage current 
Output high voltage (!}oaq = — 500 pA) 


Cuspae low voltage 








Power dissipation 
Input capacitance 
Three state (off state) Input current 
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MICROPROCESSOR INTERFACE 


Microprocessor interface timing: 

Vcc =5.0V +5%. Ta =0° to 70°C. Cy = 100 pF on D(0:7) , CL= 130pF and RL= 500Q0n OTACK 
Reference levels: Vj_ = 0.8 V and VjH= 2 V onall inputs. 

VOL = 0.4 V and VOH = 2.4 V on all outputs 


DS low (write cycle) be |e eae 


i eae Te ed 
SS ee (ER Bae ee 
LO ne ed 

i D 












DTACK delay from DS 
PP(6THP 





DTACK high from DS 










D 
[Bienen 
[Bron von Bred ——SSSSSS—~id ee | 
[ene scorn PRR we 

a 
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TIMING DIAGRAM 1 — MICROPROCESSOR INTERFACE 


AO 


R/W 


D(0:7) 


DTACK 





WRITE CYCLE 


r J 


R/W 
DTACK 
(3) 


READ CYCLE 
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DIGITAL VIDEO SIGNALS 


Veo = 5.045%. TA=O0°to+ 70°C.C_ = 50pF on DCLK, SC(0:1), SOE(0:3) 
Reference levels: Vip = 0.8 V and VjH = 2 V on all inputs. 
VOL = 0.4 V and VaH = 2.4 V on all outputs. 


Characteristic 


HP clock period 


nd 
a 
Tieton oiewisy i 
Trenemsintine 
Sr 
= 
<a 
= 
ae 
ae 
<a 








a set up time to DCLK 
arean TMA, TMB set up time to SOE 


TMA, TMB hold time from SOE 
TMA(4:7), TMB(4:7) set up time to HP 


TMA(4:7), TMB(4:7) hold time from HP 
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$O(0:1) 


” 


O€£ (0:3) 


TMA.TMB 


DCLK 


DCLK 


ioe] 
rm 
A 


TMA(4:7) — 


TMB(4:7) 





TIMING DIAGRAM 2 -- DIGITAL VIDEO SIGNALS 





MULTIPLEXED MODES 0, 1, 2, 


. 
Aaa = @6rrl kllCSCDC~:CES 


NON MULTIPLEXED MODE 3 
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oes 
+o. 


oe 
°¢@ 
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ANALOG VIDEO OUTPUTS 


Vopc =5V, Ta =0°to + 70°C 





TIMING DIAGRAM 3 


i AA EN 8 a 

delay from HP (50 %) | delayfromupisom) fie 
Ae =~ NON SSCRRNRON SE 
Ps Rise and fail time (10 % - 90 %) See ee 






2N2222 


Test load 


40 pF 
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PHYSICAL DIMENSIONS 


CB-521 





PLCC44 







57 






TS68494 


SUNG TUG 








44 pins 
0,64 22RaRRARRESB 
min. 053) refi fife andl == B= head ei AL 
7 : eee: 
MO-047-AC 8-521 Sect eece eee 
OAT.A. JEOEC 
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CHAPTER 7 - DIGITAL SIGNAL 
PROCESSING ICs 


DIGITAL SIGNAL PROCESSING ICs SELECTION GUIDE 


Part number 


TS68930 


TS68931 
TS68950 
TS68951 
TS68952 


Description 


High speed general purpose digital signal 
and arithmetic processor with on-chip RAM 
ROM, multiplier, alu. accumulators and 1/O 


ROMless version of TS68930 
Modem transmit analog interface 
Modem receive analog interface 


Modem transmit/receive clock generator 


Technology 


HMOS 


HMOS 
CMOS 
CMOS 
CMOS 


Number 
of pins 


48 


84 
28 
28 
28 


Page 


7-3 

7-55 
7-69 
7-93 







Lita! T$68930°TS68931 


PROGRAMMABLE SIGNAL PROCESSOR 
MOSTEK 



















| HMOS2 


The TS68930/1 (Programmable Signal Processor) is a high-speed 
general purpose Banal and arithmetic processor with on-chip PROGRAMMABLE 
memory, multiplier, ALU, accumulators and!/Os. It is organized in SIGNAL PROCESSOR 
a parallel/pipeline structure to execute simultaneously one ALU, 
function, multiplication, two reads and one write operation and 
associated address calculation every 160 ns. 





© Parallel/pipeline Harvard architecture 
¢ 3 data-bus structure CASE CB-229 
e 3 data types : 16-bit real, 32-bit real 
: 16 + 16-bit complex number 

© 2 versions : TS68930 (internal ROMs) 48-pin 

: TS68931 (external ROMs) 84-pin 
¢ Pipeline complex multiplier 
e 2 x 128 x 16-bit RAM 
e 512 x 16-bit coefficient ROM 
© 32-bit instruction bus 
© 64k x 32-bit external program space 
© 68000 family compatibility P SUFFIX 
e Dual external buses : local/system PLASTIC PACKAGE 


TS68931 
E SUFFIX 









PIN ASSIGNMENT 
TYPICAL APPLICATIONS 


Adaptive processing 
Complex numbers 
Digital filtering 

Fast Fourier transform 
Voice grade communication systems 
High-speed modems 
Speech processing 
Audio Frequencies 
Sonar/radar 

Image processing 
Robotics 

Graphics processing 


26 [] BE5/BA 
25 1] BE6/DTACK 
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{ BSO-BS2, BE3-BE6 | 


BRANCH CONDITIONS 


IROM 
1.28K x 32 


INSTRUCTION BUS 
(| BUS) 
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Bs 
me 
ae 
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ra 
; 
iz 
. 
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SECTION 2 
PIN DESCRIPTION 


D (0:15) 45-48 Data bus Can be concatenated or separate D (0:7), D (8:15) 
1-11 


A (8:11) | 0 |35.37,39[ 45-48 | Address bus High order addresses for local interface | 
pos fof 17_| 27 | Data Strobe | Synchronizes the transfer 
[aa ee 


CLKOUT Lae t Clock output The frequency of CLKOUT is one half the frequency of the input clock or 
crystal 


LOCAL INTERFACE 


Pin | Pin nb. | Pin nb. 
Type |TS68930 | TS683931 














SYSTEM INTERFACE 






Description 






















The data exchanges between the processor anda master via a mailbox 
1s the function of this bus. It1s also used to generate the addresses of an 
external RAM. 






AD (0:7) 1/0 27-34 | 35-42 System data bus 
or 
local address bus 
cs a ae Chip Select Used by a master to gain access to the mailbox and system bus 
22. | 32 | Register Select Used by a master to gain access to the mailbox and system bus 


| I 3 

2 eee 

| t | 20 [ 30 | System Data Strobe | Synchronizes the transfer on the system bus 

CT Sere et cre en a ae 
ioe ae ae 

LO {26 | 

| Oo | 24 










Pe aa Bus Available Indicates availability of system bus to master 
| 34 | Interrupt Request Handshake signal sent to the master to gain access to the mailbox 


] 
2 
9 
3 Data Transfer Indicates that the processor has recognized it is being accessed 
Acknowledge 
34 


2 
2 
2 








Pin | Pin nb. 


BS (0:2) 42-40 


ee oe “51 External conditions. Can be programmed on a high or low state 
BE (3:6) - 44 


Branch on Edge External conditions. Falling edge is memorised and reset when tested. 
BES shares pin with BA 
OTHER PINS 
Pin | Pin nb. | Pin nb. 


BE6 shares pin with DTACK 
Crystal input pin for internal oscillator or input pin for external oscillator 


Together with EXTAL it is used for the external 25 MHz crystal 
Ie e a  | 


72.64 | Ground Ai sor ASE ern NE AEE 
Se ee 

















Description 


Instruction Instruction bus - 32-bit data 


Address/data bus Instruction address - (116 - 131) 
Coefficient ROM External coefficient ROM address - (16 - 115) 10-bit 
address bus (9-bit address + output enable signal) 


Halt Signal Halts the processor. This signal freezes the program counter and loop counter 


55 Instruction 160 ns in REAL mode 
cycle clock 320 ns in CPLX/DBPR Mode 





SECTION 3 
SUMMARY OF BASIC HARDWARE 


OPERATING MODES 


Resource ae aph Symbol 





Mode register MODE 2-bit register defining the operating mode (real/complex/double precision). 


CONTROL BLOCK 


Resource paeeen Symbol 
Instruction ROM IROM 1280 x 32-bit word read-only-memory containing program code and imme- 
diate data. 
Instruction register IR 32-bit register Containing instruction. 


Program Counter 5-2-2 16-bit register containing address of program memory. 
SEQ 


5-2-1 
Sequencer eee ee The sequencer can test directly 16 conditions programmed on a high or low 
State. 


Return Address Register 16-bit register for saving program counter in case of subroutine call. 


Loop Counter 5-2-5 LC 15-bit register containing a contro! word for automatic loop. It is divided as 
follows . 
LCi 4-bit register containing the number of instructions to be executed in the loop. 
LCR 8-bit register containing the number of loops. 
LCD 3-bit register containing the number of instructions between declaration and 
start of the loop. 


PROCESSING BLOCK 










Function 













16 x 16 — 32 parallel pipeline multiplier + 16-bit adder/substractor to exe- 
cute complex multiplications. 


wee Peg 
2 x 16-bit registers containing multiplier operands. 


Pipeline Multiplier 5-3-1 MULT 
2 x 16-bit register containing multiplier result. 


Barrel Shifter Variable 0 - 15-bit right shift, left shift, right rotation barrel shifter. 


Antnmetic Logic Unit 2 port 16-bit arithmetic logic unit. 


HD ne naa ALU output register. 


U 
15-bit register containing status of ALU, mode, status of address calculation 
, units 
A 


Accumulators 5-3-6 ase 2 x 16-bit accumulator. 
ee 2 x 16-bit accumulator. 


Fifo 5- F 
Empty Fifo EF Flag.Indicates that the fifo is empty ; can be set by software. 


3-7 
Replace Code register RC 6-bit register allowing replacement of ALU operation code by a data coming 
from L-BUS. 


2 x 16-bit register providing direct transfer between L-BUS and Z-BUS. 































5 possible sources, 4 possible destinations, 27-functions. 
Works on 32-bit in 2 cycles. 



















4 x 16-bit first in first out register. 
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MEMORY BLOCK 









Resource 










Peg) srmtot | eto 
N° 


5-4-1 XRAM 2 x 128 x 16-bit word random access memories containing data. 
YRAM 
5-4-3 


Data RAMs 


Data ROM 
Address Calculation Units 







CROM 512 x 16-bit word read only memory containing coefficients or constants. 


2 x 7-bit arithmetic units providing incrementation, decrementation, auto- 
matic loop of address. 

XACU is dedicated to XRAM. 
YACU is dedicated to YRAM. 


12-bit arithmetic unit providing incrementation, decrementation of address. 
Shaved between CROM and ERAM (external RAM). 


Pointers 5-4-4 XO, X1 2 x 7-bit registers used for indirect addressing of XRAM. 
x Supplementary register used for circular addressing. 
YO, Y1 2 x 7-bit registers used for indirect addressing for YRAM. 
Y Supplementary register used for circular addressing. 
co, C1 2 x Q-bit registers used for indirect addressing of CROM. 


XRAM Circular Flag 5-4-5 XC 
YRAM Circular Flag YC 
INPUT/OUTPUT BLOCK 


Access Mode Register 7-bit register defining the access mode on the 2 external buses (local and 
system). 


Input Register 6-4 RIN 3 x 8-bit shift register. 
Mailbox input. 

Output Register ROUT 3 x 8-bit shift register. 
Mailbox output. 































2 x 12-bit registers used for indirect addressing of ERAM. 
Flag. Indicates the circular addressing mode for XRAM. 


Flag. Indicates the circular addressing mode for YRAM. 








-5 
RDYOIN Flag used in the protocol to indicate which processor has access to the mailbox. 
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SECTION 4 
ARCHITECTURE 


4.1. INTERNAL ARCHITECTURE 


4.1.1. Parallel processing 


The processor internal architecture is organized around the following blocks : 
— the arithmetic logic unit and its associated working registers 

— the multiplier 

~ the 3 memories and their associated address calculation units 

— the transfer register 

— the 1/O unit. 


All these blocks can work simultaneously and independently. 


4.1.2. Three-bus structure 


To avoid memory access bottlenecks the processor architecture includes 3 data buses. Two read buses (L-BUS 
and R-BUS) continuously feed the operating units. Thus making it possible to load the ALU and the multiplier 


with the two operands simultaneously. The write bus (Z-BUS) is used to transfer the results back into the RAMs 
(internal or external). 


4.1.3. Wide instruction word 


The 32-bit wide instruction format allows the processor to execute the following operations in 1 instruction cycle: 
— Read two operands (from internal or external memories) 

— Execute an ALU operation ' 

~— Start a multiplication 

~— Use the result of the multiplication started 2 cycles before 

— Write a result in internal/external memory 

— Post-modify 3 pointers independently 

— Store data into the transfer register. 


4.1.4. Pipeline (cf. fig. 4.1.) 


The figure 4.1. outlines the overlap of the instruction prefetch and execution as well as the pipelined data operation. 


By using a pipeline structure, the processor performs efficiently on all digital signal processing algorithms. For 
example the result of a multiplication started at instruction IN will be available at IN + 2. That will not prevent 
from Starting a new multiplication at IN + 1 which in turn will be available at IN + 3, etc... in effect, giving a 
multiplier throughput of 1 multiplication every cycle. 
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INSTRUCTION CYCLE 


PROGRAM COUNTER 


INSTRUCTION 


XRAM ADDRESS 


CROM ADORESS 


R-BUS DATA 


L-BUS DATA 


MULTIPLIER INPUT M 


MULTIPLIER INPUT N 


MULTIPLIER OUTPUT P 





ALU OUTPUT J 
YRAM ADDRESS | | Panes 
Z-BUS DATA | : ley Bt AK 


FIGURE 4.1.A. - PIPELINE DELAY 


Example: READ A(XRAM), READ K(CROM), MULTIPLY A and K, ADD B(ACCUMULATOR), WRITE RESULT A.K +8 INTO YRAM. 
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INSTRUCTION CYCLE 


PROGRAM COUNTER 


INSTRUCTION 


XRAM ADDRESS 


CROM ADDRESS 


R-BUS DATA 


L-BUS DATA 


MULTIPLIER INPUT M 


MULTIPLIER INPUT N 


MULTIPLIER OUTPUT P 


ALU OUTPUT 


YRAM ADDRESS 


2-BUS DATA 


+ + 


Zz Zz z 
+ 


+ 


+ 


+ 


2 


Zz 2 Zz 2 
_ i) NO nN 


—_ 


+ 


+ 


N +1 


FIGURE 4.1.8. - PIPELINE THROUGHPUT 


Example: The operation A.K + B (described in fig. 4.1.A.) is executed every cycle. 
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4.2. EXTERNAL ARCHITECTURE 


The TS68930 is provided with two external buses: 
— the system bus: ADO-AD7 

— the local bus: DO-D15. 

The processor is a slave on the system bus. 

The processor is a master on the local bus. 





ae ae 
ADO AD? eee «<e — —» 00-D15 
| | 
| TS68930 | 
rer | 
| | 
SR/W _-—-——» | j}---> R/W 
eae | | 
SDS a }-—-—-» DS 
easy [ | 
IR +---| | 
| | 
DTACK aa ase | | 
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SYSTEM BUS 


The main use of the system bus is for the processor to exchange information with a general purpose 
microprocessor or another TS68930 in a multiprocessor environment. 


The informations are exchanged through a mailbox with a flag (IRQ) indicating to the master (the other processor) 
that it can gain access to the mailbox. 


LOCAL BUS 


The main use of the local! bus is for the processor to exchange information with an external memory, a 
peripheral, a data converter or another TS68930 in a multiprocessor environment. All these external circuits 
are defined as Slaves. 


The processor is the master of its local bus, i.e it generates the address and control signals which direct the 
exchange on the local bus. This bus is a direct extension of the internal structure and all external circuits 
connected on it, work in exactly the same way as the internal operating units. 
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SECTION 5 
FUNCTIONAL DESCRIPTION 


5.1. OPERATING MODES 


The processor provides three operating modes set by programming, each mode representing a different data 
type : 

— REAL = 16-bit data 

~ COMPLEX (CPLX) = 2 x 16-bit data 

~ DOUBLE PRECISION (DBPR) = 32-bit data. 


The modes are made transparent to the programmer as all operating units and all working registers are provided 
with the right length. 


Main differences between real mode and complex or double precision mode: 


a) In complex and double precision mode the memory space is reduced by half as all operands are 32-bit long (cf. 
format below). 


b) The instruction cycle time is doubled (320 ns instead of 160 ns) as all operations are made sequentially. 


even address odd address 


LOWER DOUBLE PRECISION 
REAL IMAGINARY COMPLEX 






5.2. CONTROL BLOCK 


§.2.1. Instruction ROM: [ROM 


The instruction ROM has a capacity of 1280 x 32-bit in the MCU version. It can be extended to 64 K x 32-bit in 
the MPU version. 


5.2.2. Program counter: PC 
The program counter is 16-bit wide, 11 bits are used in the MCU version. 


§.2.3. Sequencer: SEQ 


The sequencer increments the program counter except in case of sequence jump which are listed below: 
a) immediate branch 

b) computed branch 

c) jump to subroutine } 

d) return from subroutine (cf 9.2.4.) 

e) automatic loop } (cf 5.2.5.) 


In case of immediate branch the PC is loaded with an immediate value whereas in case of computed branch the 
PC is loaded with a value coming from the accumulators (A, B), the FIFO (F) or the transfer register (T). 
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The sequencer can test directly 16 conditions programmed on a high or low state: 


BRANCH NEVER/ALWAYS EXTERNAL CONDITIONS 

STATUS CONDITIONS = see External pins 

~ SR Sign (Real) — BES-BEG 

= S| Sign (Imaginary) The falling edges of BE3-BE6 are memorized internal- 
—~ CR Carry (Real) ly and reset when tested by the branch instruction. 
- Cl Carry (Imaginary) The external test conditions are used to synchronise 
PAL Zero different processes or as a ready input flag in 
~ OVF Overflow multiprocessor system. 

~ MOVF Memorized overflow - 

The memorized overflow (MOVF) is reset when tested MAILBOX FLAG 

by the branch instruction. — RDYOIN Internal mailbox flag 


5.2.4. Return address register : RAR 


The JSR instruction allows one level of subroutine nesting with automatic saving of the PC on to the return address 
register (RAR). 


Multiple level of subroutine nesting can be implemented in RAM using either of the two pointers as stack pointer. 
In this case the RAR is used as the last level of nesting. 


5.2.5. Loop counter: LC 

a) The efficiency of executing repeated calculations often encountered in Digital Signal Processing is considerably 
improved by using the loop counter since the instructions for counter increment and range check are no longer needed. 
This counter can implement a loop of up to 16 instructions repeated 256 times with a delay of up to 8 instructions. 


b) DESCRIPTION: 


LCI : Instruction Loop Counter : 4-bit 

Counts the number of instructions to be executed in the loop 
LCR : Repeat Loop Counter: 8-bit. 

Gives the number of times the loop will be repeated. 
LCD : Delay Loop Counter: 3-bit. 

Gives the delay between the declaration and the start of the loop. 


c) USE: 


A loop is declared by loading the instruction loop counter and the delay loop counter with a constant (INI Instruc- 
tion) and LCR with a constant or a variable (INI or OPDI instruction). 


The loop counter contents can be saved (SVR instruction) with the following format: 


17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 
LCD LC! LCR LOOP 
COUNTER 
14 13 12 1 10 9 8 7 6 5 4 3 2 1 0 


Asserting HALT will freeze the state of the LC. 
Asserting RESET will reset the LC. 
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5.3. PROCESSING BLOCK 


5.3.1. Multiplier 

a) The multiplier executes a 16 x 16 - 32-bit signed multiplication every instruction cycle with a delay of 2 cycles 
independently of the operating mode. 

The number representation is signed 2's complement and the result format for the 3 modes is shown in figure 5.3.1. 
b) USE: 


The multiplier is always active. To start a multiplication the two operands are loaded into the two input 
registers(M, N). 


The multiplication will be repeated every cycle until one or both operands are changed. The processor offers the 
possibility of loading the two input registers independently. 


The result is available in the product register (P) two cycles later. 


c) COMPLEX MULTIPLICATION: 


The processor executes a complex multiplication: 
(A+jB) . (C+jD) = AC — BD + j (AD+BC) 
every 320 ns thanks to an internal 80 ns clock. 


As it can be seen from the equation the complex multiplication can generate an overflow. In this case the 
multiplier overflow (OVFM) is memorised inside the status register. 


d) NOTES: 


No provision is made for the operation 8000 x 8000 (hexadecimal). 
If this condition arises the product will be 8000 (hexadecimal). 


After changing modes the product P is calculated following the new mode. 
The signal HALT (cf. Input/output) will inhibit the loading of the product register P. 


DBPR MODE 36x 16 — 31 
31-30 


1 0 
REAL MODE 16x 16 — 16 
31 30 16 15 


ROUNDING 


(adding 1 TO BIT 14 


31 16 AND TRUNCATION) 


30 


COMPLEX MODE 16x16 — 16 real 
16x16 — 16 imaginary 


31 30 16 31 30 16 


REAL PART IMAGINARY PART 
after rounding after rounding 


FIGURE 5.3.1. - MULTIPLICATION OUTPUT REGISTER (P) FORMATS 
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5.3.2. Barrel Shifter (BS) 


All shift and rotation operations are performed at the L-side (left) ALU input. The operand can come from two sources: 
— LBUS 


— P (product register) 
There are two types of shift and rotate operations: 


1) The operations which are part of the ALU code: 

~ arithmetic shift right by 1 (ASR) 

— logical shift right by 1 (LSR) 

— arithmetic shift left by 1 (ASL) 

— logical shift left by 1 (LSL) 

— logical shift right by 8 (LSRB) 

— logical shift left by 8 (LSLB) 

— rotate right by 1 (ROR) 

2) The operations which are implemented through dedicated instructions: 

— ASR (0 — 15) arithmetic shift right by N O<N< 15 

~ LSR (0 — 15) logical shift right by N 

— LSL (C - 15) logical shift left by N 

— ROR (0 ~ 15) rotation right by N 

Note: 

In double precision the shift operations are not executed on 32 bits, but on 2 x 16-bit as the barrel shifter is a 16-bit unit. 
in complex mode the shift operations are executed on the real and imaginary parts. 


5.3.3 ALU 
The ALU inputs are called L-Side (Left) and R-Side (Right). 


There are two possible sources on the L-Side: 
et BUS 
e P (multiplier output). 


There are two possible sources on the R-Side: 

°*R BUS 

e Accumulators A or B. 

The selection between A or B is made by the field ALU destination (refer to operating codes). If the ALU destination 
field is B then the ALU source is B. In all other cases A will be used. 
The ALU output is called D. 

There are four possible destinations for D: 

¢ Accumulator A 

e Accumulator B 

e FIFO 

e Z-BUS (no working registers are modified). 


ALU CODES 
There are 27 ALU codes. The list is shown in figure 7.9. 


5.3.4. Saturation mode (SAT) 


If the saturation mode is set (SAT flag) the circuit will behave as follows : 
® Positive overflow = ALU result is forced to 7FFF (hexadecimal) 
e Negative overflow= ALU result is forced to 8000 (hexadecimal) 


The saturation mode does not apply to the double precision mode. 
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5.3.5. Status register: STA 
a) DESCRIPTION 


16 





- 


13 





12 11 10 9 8 7 6 5 4 3 2 4 0 





CONDITION CODE REGISTER (CCR): 


SR 
S| 
CR 


Ci 


Zz 


OVF 


MOVF 
AOVF 


OVFM 


Sign (real) 
Sign (imaginary) 
Carry (real) 


Carry (imaginary) 


Zero 


Overflow 


Memorised overflow 
Advanced overflow 


Overflow (Multiplier) 


STATE REGISTER 


EF 


SAT 


MODE 
(2 bits) 


XC 
YC 


b) USE 


Empty FIFO 
Saturation mode flag 
Operating mode 


XRAM 
YRAM 


Set if the msb of the ALU result is 1. Cleared otherwise. 
Set if the msb of ALU imaginary result is 1. Cleared otherwise. 


Set if a carry is generated out of the msb of the operand for arithmetic and 
shift operations. Cleared otherwise. 


Set if a carry is generated out of the msb of the imaginary part for arithmetic 
and shift operations. Cleared otherwise. 


Set if the result equals zero. In complex mode it is equivalent to the imaginary 
and real parts being both zeros. 


Set if there was an arithmetic overflow. 
This implies that the result is not representable in the operand size. 
In complex mode it is equivalent to the overflow of the imaginary or real part. 


Set as overflow. Reset when tested by a branch instruction. 


Exclusive or of bit 14 and bit 15 of the ALU. . 
Set if there was an arithmetic overflow on half capacity (15 bits in real/com- 
plex mode, 31 bits in double precision mode). Cleared otherwise. 


Set if the multiplier adder/substractor has overflowed. Only meaningful for 
complex multiplication. Cleared otherwise. 


Set if the FIFO is empty. 
Cleared otherwise. 


Set if the PSI is in saturation mode. 
Cleared otherwise. 


Real, complex or double precision. 


Circular addressing mode flag. 
Circular addressing mode flag. 


The status can be saved (instruction SVR). 


The condition code register can be read (in OPIN instruction) and it can be loaded from a RAM via L-BUS (ALU 
code LCCR) without passing through the ALU. 


The state register can be programmed by an INI instruction. 
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5.3.6. Accumulators: A,B 


a) The processor provides two distinct accumulators (A and B). In real mode they are 16-bit long. In complex and 
double precision mode they are 32-bit long. 


b) Changing modes, changes the length of the accumulator and the relation between the words described below. 


CHANGING MODES 
COMPLEX 


{ 


REAL 


DOUBLE PRECISION 


| 


REAL 


COMPLEX 


| 


DOUBLE PRECISION 





It must be noted that the imaginary (respectively lower) part of the word remains unmodified when switching to 
real mode. 


5.3.7. FIFO: F 
a) FUNCTION 


Highly pipelined algorithms require a series of pipeline registers between the ALU output and the memories in order 
to store intermediate results. 


This is precisely the function of the 4 x 16-bit first-in first-out (FIFO) register. 

b) DESCRIPTION 

It is a 4x 16-bit deep register that becomes 2 x 32-bit in complex and double precision modes (cf. format below). 
c) USE 


When the FIFO is full it becomes impossible to write into it. 
When the FIFO is empty a status bit (EF) is set. 
This bit can also be set by programmation. 


d) NOTE 


In real mode, a result loaded at instruction IN into an empty FIFO will be available for transfer to the RAM at IN +2. 


In all other cases it will be at IN +1. 
IMAGINARY UPPER 
REAL LOWER 
IMAGINARY UPPER 


REAL COMPLEX DOUBLE PRECISION 
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6.3.8. Replace code register: RC 
a) FUNCTION 


The function of this register is to control the ALU by a data coming from the memories via L-BUS instead of an 
instruction. In other words it allows the data to take control of program sequencing without using test instructions. 


For this reason it can be said that the instructions are data controlled. 


b) DESCRIPTION 
It is a 6-bit register with the following format : 


15 14 13 12 1 10 

5 4 3 2 1 0 
© tee 

14 13 12 11 10 


BIT 1-5 = ALU code is substituted by this value 

BIT O = O Destination of ALU output = accumulator A 
= 1 Destination of ALU output = accumulator B 

c) USE 


This register is controlled by three ALU codes : 


Load ALU control code in RC 
Execute ALU control code contained in RC 


Execute ALU control code contained in RC 
Load new ALU control code in RC 





5.3.9. Transfer register: T 


a) FUNCTION 
It is a bidirectionnal register standing between L-BUS, and Z-BUS. 
It can be a source and a destination to both buses. 


Among its numerous uses, it can perform the function of : 
® Loop back to the multiplier in one cycle 

® Temporary register between memory and ALU 

e Temporary register between memory and multiplier 

® Operations between accumulators 

@ Memory to memory transfer. 

e Saving program counter. 

b) DESCRIPTION 


it is a 16-bit register extended to 32 bits in complex and double precision mode. 


c) USE 
The relation between the 32-bit and the 16-bit word in case of mode switching !s identical to the accumulators relation. 
in branch instruction the register can be used to save the PC. 


When the mode is complex the PC (16-bit) is saved into the real part of the register, when the mode is DBPR the 
PC is saved into the upper part of the register. 


T can also be used as a source of the PC: 


‘When the mode is complex the PC is loaded with the real part of the register, when the mode is DBPR the PC is 
loaded with the upper part of the register. 
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5.4. MEMORY BLOCK 


§.4.1. Data memories : XRAM, YRAM, CROM 


The processor architecture allows the connection of four memories: 
® 2 internal RAMs 

XRAM 128 x 16-bit 

YRAM 128 x 16-bit 


e 1 internal data ROM separated from the program ROM 
CROM 512 x 16-bit 
In the microprocessor version this ROM is external. 


© 1 external memory 
ERAM 4K x 16-bit 


This external memory is accessed in a single cycle (160 ns) in exactly the same way as the internal memories. 
Moreover -it does not require any ‘‘glue’’ parts to be connected to the processor. 


Notes : 


1. In complex and double precision modes all data are 32-bit long. Hence the available memory space is divided by two. 


2. The instruction set allows any combinations of simultaneous use of these memories ; the only restraints are : 
— Reading and writing in the same RAM in the same cycle. 
— Accessing CROM and ERAM simultaneously. 


5.4.2. Addressing modes 


The processor provides four addressing modes: 

© Indirect addressing with post modification. 

© Direct addressing. 

¢ Immediate addressing. 

e Circular addressing mode (also called. virtual shift mua 


5.4.3. Address calculation units: ACU 


Combining these four addressing modes and the processor 3-bus structure implies the need to generate at 
each instruction cycle three different addresses. To realise these functions each memory is associated with 
an address calculation unit: 

— XRAM with XACU 

— YRAM with YACU 

~ CROM or ERAM with ECACU. 
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5.4.4. Pointers: XO, X1, YO, Y1, CO, C1, EO, E1, X, ¥ 


Indirect addressing is the most commonly used addressing mode in vector or signal processing. For this reason 
the processor offers a large number of pointers (10): XO, X1, YO, ¥1, CO, C1, EO, E1 + X and Y for circular mode. 


Each memory can be addressed by two pointers and pointers can be increased (+1) decreased (— 1) or held (+0) 
independently. 


They can also be loaded with new addresses (constants or computed values) and saved in case of context switching 
(cf.format below). 





X0,X1,Y0,Y1 


Xx xX xX KX, xX, xX C0,C1 


15 11 0 
| xX xX. xX. xX E0,E1 
xX = undefined 


15 0 


5.4.5. Circular adressing mode 
a) FUNCTION 


This feature is used to simulate the function of a shift register without moving the data stored. It is particularly useful 
in filtering and convolution functions. 


b) DESCRIPTION 

XO : lower limit 

X1: upper limit 

X : current address 

(respectively YO, Y1, Y for YRAM) 

The algorithm can be described as follows: 

1. ADDRESS: ADDRESS + 1 (post-incrementation) 

IF ADDRESS GREATER THAN UPPER LIMIT THEN ADDRESS = KOWER LIMIT 


2. ADDRESS: ADDRESS — 1 (post-decrementation) 
IF ADDRESS SMALLER THAN LOWER LIMIT THEN ADDRESS = UPPER LIMIT 
c) USE 


Programming the circular addressing mode is done independently of the operating modes (real, complex or double 
precision), in the following way. With reference to the instruction OPCODE: example XRAM. 


1. Initialization instruction (INI) 
Circular addressing bit set (K7 = 1) 
Load X0 with lower limit. 


2. Initialization instruction (INI) 
Circular addressing bit set (K7=1) 
Load X1 with upper limit. 


3. IN| or OPDI instruction 
Load X with current address (a value between XO and 1). 


After the first instruction the circular addressing mode is effective. 


From now cn the programmer has access only to pointer X and X1. All instructions referencing pointer X0 will now 
physically reference pointer X. 


To gain access again to pointer XO the programmer goes back to the normal mode by an initialisation instruction. 
d) FLAGS 
When a RAM is in the circular addressing mode, a flag (XC, YC) is set inside the status. 
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5.4.6. ODD/EVEN addresses 


a) In complex and double precision modes the processor automatically generates the two addresses of the word 


(even then odd). 

odd address imaginary part upper part 
The processor offers the possibility to inverse this order by writing a 1 into the ADOF bit (refer to OPCODE). 
ADOF 


O even followed by odd 
1 odd followed by even. 


b) USE 


This feature is made available independently or simultaneously for XRAM and YRAM. 
With reference to OPCODE. 


XRAM 

Initialization instruction (INI) 

— select complex or double precision mode 

— select pointer XO or X1 and load it with J constant 
— select ADOF bit as wanted (0 or 1). 


YRAM 

Initialization instruction (INI) 

— select complex or double precision mode 

— select pointer YO or Y1 and load it with K constant 
— select ADOF bit as wanted (0 or 1). 











5.5. ACCESS MODE REGISTER: AMR 


a) DESCRIPTION 


This register defines the processor external access modes. 
Its contents can be initialized with a constant and saved into memory, (cf. format below). 


It is a 7-bit register each bit being defined as shown below: 


FE/SE :-Fast exchange/slow exchange on local bus 
SL/PS :Slave/pseudo-Slave on system bus 
SB/CB -Concatenated or separate local bus 

1/M ‘Local bus control signal types 


DTACK/BE6 :BE6 pin redefinition 
BA/BE5 :BE5 pin redefinition 
MASK ‘Allows the AMR to be masked by the external halt (microprocessor version only). 





1-BUS 








Z-BUS 
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BIT 0: FE/SE 

0 FAST EXCHANGE 
1 SLOW EXCHANGE 
The slow exchange mode: 

e Can only be used in the real mode. 

e The circuit automatically repeats the instruction which defines the external transfer. 


e¢ The control of the multiplier, ALU, ACUs, loop counter is the responsibility of the programmer who must take 
into account the repetition of the instruction. 


BIT 1: SL/PS 


0 
1 


A pseudo-slave processor can address an external RAM using the system bus (ADO-AD7) as address lines for its 
own local bus. Consequently the system bus is no more available for exchanging data between the pseudo- 
slave processor and the bus master. 


external access in 160 ns (1 cycle) 


external access in 320 ns (2cycles). 


Slave 
Pseudo Slave. 


ofl 


The pseudo-siave processor behaves differently from a slave processor since in case of exchange it must 
relinquish this bus to the master following an exchange protocol. (Reference to !/Q) 
BIT 2: SB/CB 


= Separate bus 
= Concatenated bus. 


The local bus can be used as two independent 8-bit buses (DO-D7), (D8-D15) or a single 16 bit-bus (DO-D15). 
BIT 3: 1/M 


O = Control pulses Read (RD) and Write (WR) are generated 
1 = Control pulses data strobe (DS) and Read/Write (R/W) are generated. 


The local bus supports the two main types of interchange signal: 


e Aslave processor, a data converter such as the MAFE, a 68000 peripheral, etc. requiring a data strobe anda 
read/write pulse. 


e The standard bytewide RAM requiring a read and a write pulse. 


BIT 4: DTACK/BE6 





0 = DTACK Indicates transfer acknowledge on the system bus to insure 68000 family compatibility. 

1 = BE6 External test condition. 

BIT 5: BA/BE5 

0 = BA BUS available. Indicates to the master that the pseudo-slave is not using the system bus for 


generating addresses on local bus. 
1 = BES External test condition. 


BIT 6: MASK (TS68S31 only) 


0 = AMR _ is not masked. When an external halt is applied to the processor the AMR register does not 
change. 
1 = AMR __ is masked. When an external halt is applied to the processor the AMR register changes to the 
following state: FAST EXCHANGE, PSEUDO-SLAVE, CONCATENATED BUS, RD and WR control 
pulses. 


This bit can be modified by the programmer even while the HALT is asserted. 
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5.6 RESET 

The reset signal has the following effects on the different blocks on the circuit : 
SEQUENCER 

PC, LC cleared to zero. 

IR loaded with NOP instruction. 

STATUS: 

¢ REAL mode 

® no saturation 

e empty FIFO (EF = 1) 

¢ memorised overflow (MOVF) = 0. 


X or YRAM 
® no circular addressing mode. 


AMR 

e Fast exchange 

e Slave 

e Concatenated bus 
e RD and WR 

e BE6 

e BES. 


RESET must be maintained for a minimum of 3 clock cycles (480 ns) to be effective. 


5.7 HALT (TS68931 only) 


The external halt signal will freeze the program counter and the loop counter. The instruction register can then 
be loaded from an external source. This signal is used for system development. If the MASK bit = 1 it will force 
the AMR into the following state: FAST EXCHANGE, SLAVE, SEPARATE BUS, RD and WR control pulses. 
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SECTION 6 
INPUT/OUTPUT 


6.1. DUAL-BUS INTERFACE 


In order to permit a maximum versatility the processor interface provides two buses : 
— the system Bus ADO-AD7 
— the local Bus DO-D5. 


This dual-bus interface allows the processor to be used in the following ways : 

a) a microprocessor peripheral (fig. 6.A.) 

b) a slave of another processor (fig. 6.B.) 

c) a stand-alone unit connected to a peripheral or a data converter (fig. 6.C.) 

d) a processor and its external memory (fig. 6.D.) 

e) an intelligent peripheral connected to a general purpose microprocessor (fig. 6.E.) 


These are some examples of the possibilities offered by the dual-bus interface. In addition very sophisticated 
multiprocessor machines can be built based on the principle of tree hierarchy (fig. 6.F.). Ineffect each processor 
becomes nested in the multiprocessor machine in the same way as Subroutines are nested in a program tree. 


AD0-AD7 
TS68930 





HOST SYSTEM BUS TS68930 TS68930 TS68930 
(FULL MASTER) (SLAVE) (FULL MASTER)“ (SLAVE) 
FIGURE 6.A. - HOST/TS68930 FIGURE 6.B. - TS68930/TS68930 


00-015 


DATA 8 or 16 
R/W, DS 
TS68930 PERI- 


ADDRESS PHERAL 





TS$68930 <-——LOCAL BUS. PERIPHERAL 1568930 <e——EOCAL BUS._g Ram 


FIGURE 6.C. - TS68930/PERIPHERAL FIGURE 6.D. - TS68930/RAM 


ie RO, WR, A8-Al! 
TS68930 


AD0-AD7 





HOST SYSTEM BUS TS68930 LOCAL BUS 
| > 
(TEMPORARY MASTER)“ > (PSEUDO-SLAVE) 1968930 RAM 


FIGURE 6.E. - TEMPORARY MASTER/PSEUDO-SLAVE 
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SYSTEM 





BUS enna 
8 
P = Processor TS$68930/TS68931 

BIT 
MAP 

16 116 

8 8 8 8 

8 8 8 16 16 16 16 





| | PERIPH. beg 
| CON- DAC ADC | DATA |° 
TROL | | ioe 


16 16 16 N16 


RAM RAM RAM RAM MB = MAILBOX 


FIGURE 6.F. - MULTIPROCESSING MACHINE 
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6.2. MASTER/SLAVE 


The processor is a master on its local bus anda slave on its system bus. There are times where the processor 
needs to access an external RAM and for that purpose will use the system bus to generate the addresses. 


In this case this circuit prevents the master from using the bus freely and for that reason is called a pseudo-slave. 
Since the master can only gain access to the bus temporarily it is now defined as a temporary master. 


It is the programmer who decides whether the processor should behave as a slave or a pseudo-slave. 
This is done by programming the Access Mode Register. 
That gives four different types of processor configurations: 


Its system bus is used to exchange data with a full master. 
PSEUDO-SLAVE (PS) Its system bus is also used to generate addresses for its local exter- 


nal memory. 
FULL-MASTER (FM) It has complete mastership of its jocal bus. 


TEMPORARY-MASTER (TM) Its local bus is shared with another processor which uses it to 
generate addresses. 





These exchange type can be summarized to three possible connections: 
1) Full master + slave 


2) Full master «* memories or peripherals 
3) Temporary master + pseudo-siave. 


Connection 1 (with reference to fig. 6.A., 6.B.): 


The data is exchanged through a mailbox and the exchange follows the mailbox protocol. 
Connection 2 (example 6.C., 6.0., 6.E.): 


The exchange is equivalent to reading and writing of data into locations or registers. 
Connection 3 (example 6.E.): 


The data is exchanged through a mailbox and the exchange follows the mailbox protocol. 


6.3. LOCAL BUS PIN DESCRIPTION 


DO-D7 
D8-D15 | 16-bit data bus can be concatenated or separate. 


Ts6s930 | A8-A11 _] 4 address bits. 


ne EM R Control bits. Can be chosen among 2 sets. 
DS / RD 


(ADO-AD7)_| Additional address bits. 


DS = data strobe. Synchronizes the transfer. 
R/W = indicates the direction of data. 

RD = read clock pulse. 

WR_ = write clock pulse. 


The bus can take the form of two independent 8-bit buses or a single 16-bit bus. 
There are four address bits (A8-A11) which are sufficient to address many slaves without requiring additionnal circuitry. 
The address bus can be extended to 12 bits (ADO-AD7) to access an external memory. 


If a peripheral is too slow to answer in one instruction cycle the processor can be programmed into a slow 
exchange mode. This mode is particularly useful for peripherals such as data converters, or the dedicated 
analogue interface circuit fabricated by THOMSON for modem applications. (The MAFE: Modem Analog 
Front-End). 
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SEPARATION OF LOCAL BUS 


The processor offers the possibility of dividing the local bus DO-D15 into two independent 8-bit buses. This is 
used when a pseudo-slave monopolizes the bus to generate its own RAM addresses (fig. 6.3.) on DO-D7. By 
separating the bus, the processor can remain a full-master on D8-D15 even while being a temporary master on 
DO-D7, and it does not require the use of a bus transceiver on DO-D7. 


The selection between the 2 x 8-bit buses is made by the addresses A10-A11. 


jan | A10 SELECTION 











: ; TO OTHER 
D8-D15 SLAVES 






TS68930 
MASTER 


FIGURE 6.3. - SEPARATE LOCAL BUSES 


6.4. SYSTEM BUS AND MAILBOX 





ADO-AD7 

Gs 

RS 

SR/W 

TS68930 

SDS 

DTACK 

BA 

IRO 
ADO-AD7 = 8-bit data bus. 
AS } = Mailbox control signal. Also used by master to gain access to bus. 
ane. - eal bee ae } Generated by external circuit (master) 
TRO = Handshake signal. Used by the master to gain access to mailbox (and bus). 
DTACK = Data acknowledge. Compatibility with 68000 family. 
BA = Bus available. The PS! is not currently using the system bus to generate addresses. 
MAILBOX 


The mailbox is comprised of two sets of registers : RIN and ROUT. 

RIN (3x 8-bit shift register). 

This register is read internally on the upper byte of L-BUS (L8-L15) and written externally from the system bus. 
After each write operation (commanded by the external master) or slave read operation the data is shifted by 1. 
ROUT (3 x 8-bit shift register). 


This register is written internally with the upper byte of the Z-BUS (Z8-15) and read externally on the system bus 
by the external master. After each master read operation or slave write operation the data is shifted by 1. 
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6.5. MAILBOX PROTOCOL 


L-BUS 


RIN 
ROUT 


Z2-BUS 


example 


MAILBOX 





MASTER SLAVE 
This protocol is hardwired on the slave side and programmed on the master side. The mailbox is included in the 
slave. The two slave address pins (CS, RS) are directly connected to two master address lines. 


Therefore, the slave is seen as two external memory locations by the master which will address it by generating 
an external address directly or indirectly (pointer EO or E1). 


By addressing the location 00 the master echoes the IRQ to the slave and accesses the mailbox. 
By addressing the location 01 the master releases the bus. 


The complete protocol is explained below. 


MASTER SLAVE 
MAILBOX 1S AVAILABLE 
Asserts IRQ, RDYOIN 


Sanaa 
Sa 


Detects IRO = 0 
{one of its external test conditions) 


Applies CS = 0, RS = 0 


detects } == 


CS = 0 S = 0 


and releases the system bus 


y 


Negates IRQ 


eee rca 


Detects IRQ = 1 


{ 


MAILBOX ACCESS 

(3 reads and 3 writes maximum) 
END OF MAILBOX ACCESS 
Applies CS = 0, RS = 1 


Detects y 


CS = 0 S = 1 


If pseudo-slave E processor is put in Halt state 


Internal Halt disappears. The processor 
If pseudo-slave resumes program and 
takes back control of the bus 


negates RDYOIN 
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SIGNAL MEANING 


RDYOIN 


Internal flag indicating the property of the mailbox. 
O = Slave has access to the mailbox 
1 = Master has access to the mailbox. 


a) RDYOIN is set by the slave and reset by the master. That means that the slave gives the mailbox to the master 
when it finishes using it and vice-versa. In no case can the master or the slave request the mailbox, it can only wait 
for the other to give it back. 

b) From the slave point of view, RDYOIN is a flag : 

— tested by a branch instruction 

— set by an initialization instruction. 


IRQ 
Handshake signal used by the master to gain access to the mailbox; 
a) IRG is asserted by the slave to indicate the availability of the mailbox (at the same time as RDYOIN). 


b) The master (after testing IRQ) knows that it can access the mailbox but does not know if it has access to the 
bus (since it does not know if the slave is behaving as a pseudo-slave). 
It requests the bus by generating the address CS = 0, RS = 0. 


c) The slave internal 1/O sequencer answers back by negating IRQ. The master has now full control of the bus and 
the mailbox. 


When the master has completed the exchange it generates the address CS = 0, RS = 1 and the slave internal 
1/O sequencer resets RDYOIN. 


HALT (internal) 


The internal halt has the following effects on the circuit : 


— the program is stopped at the end of the current instruction; the program and loop counters are frozen 
— a NOP is generated on the instruction bus 


— no more addresses are generated on the system bus. 


6.6. INSTRUCTION BUS (TS68931 only) 


For the TS68931, CROM (512 x 16-bit) and IROM (64k x 32-bit) are external. They are read using the I|-BUS, on 
which are multiplexed: 

— the 16-bit instruction ROM address 

— the 9-bit coefficient ROM address + 1 Output Enable bit (ENCROM) 

— the 32-bit instruction code. 


In order to synchronize the exchanges, an additional signal is generated: INCYCLE. 
It is the internal instruction clock. 


Data from CROM are read on the local bus. 
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6.7. APPLICATION EXAMPLES 


Sin 


Sout 


ADO-AD7 


Towards 
general purpose 
microprocessor 


(2 x 2K x 8) 








FIGURE 6.7.A. - CONFIGURATION EXAMPLE: TS68930 + RAM + MAFE 
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BSO-BS1 


D8-D15 


Towards 
general purpose 
microprocessor 
711 
A8 


TS68930 
(1) 


TS68930 
ie: 
Bo 


FIGURE 6.7.B. - CONFIGURATION EXAMPLE: 3 TS68930 + RAM 


TS68930 
(1) 





SDS, SR/W CIRO 












ADO-AD7 


Cs, RS 





TS68930 
(2) 








RAM 1K x 16 









D8-D15 


DO-D7 
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TS68930 
(1) 


ADO-AD7 


TS68930 
(2) 


TS68930 
(3) 
ADO-AD7 


16 






A8-All 


TS68930 
(2) 


ac 
TS68930 
a i: 


DO0-D15 


FIGURE 6.7.C. - CONFIGURATION EXAMPLE: 4 TS68930 + MAFE + RAM 
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TO OTHER 
PERIPHERALS 


x O-dus DO0-015 


CROM_ |OE CROM 
§12x16 







EN CROM 











31-10 






n 131-116 









OE OE 


| 







INSTRUCTION 


ROM 


IROM 
(64Kx32) 






FIGURE 6.7.D. - |-BUS INTERFACE (TS68931) 
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SECTION 7 
INSTRUCTION SET 


Calculation, instruction with indirect 
addresing 


Calculation, instruction with direct 
addressing 


Calculation, instruction with immediate 
operand 


General shift 
Instruction 





Immediate branch 
Instruction 


Computed branch 
Instruction 


Data transfer 
Instruction 


Initialization and control instruction 





INSTRUCTION SET LANGUAGE DEFINITIONS 
LOT 

R SRC 

L SRC 

SL 

SR 

ALU DST 
ALUCODE 
LOM 

LON 

Z SRC 

Z DST 

ZT 

ACE 

AY 

AX 

BRA 

FT 


R-BUS source 
L-BUS source 

ALU input selection - left side 
ALU input selection - right side 
ALU output destination 


ALU codes 


Z-BUS source 
Z-BUS destination 
Load Z-BUS into transfer register T 


Post incrementation: pointers YRAM 
Post incrementation: pointers XRAM 
Branch address source 
False / True condition 





| Number of eyes | of | Number of eyes | 


CPLX 
REAL | poppR 


Operation 


This instruction refers to operands indirectly 
addressed 


The operand sourcing the L-BUS is directly 
addressed 


An immediate operand is read on R-RUS 


The operand sourcing the L-BUS can be 
shifted/rotated by 0 ~ 16 bits 


Conditional / unconditional 
branch to direct address 


Conditional / unconditional 
branch to computed address 


This instruction is used to save register contents 
in external or internal RAM 


Pointers, access mode register, loop counter, 
mode initialization 


Load L-BUS source into transfer register T 


Load L-BUS source into multiplier input M 
Load R-BUS source into multiplier input N 


Post incrementation: pointers CROM or ERAM 


SVPC Save program counter 

JBDST Destination register for J constant 
KDST Destination register for K constant 
MODE Operating mode 

SAT Saturation flag 

ADOF Even / odd flag 

J7 YRAM circular addressing mode flag 

J constant 8-bit constant used to initialize registers 
K7 XRAM circular addressing mode flag 


K constant 


12-bit constant used to initialize registers. 
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7.1. OPERATING CODE FORMATS 






















OP CODE 00 
LOT 0-NO LOAD, 1-LBUS ~ T 
00 01 10 11 


[X0]} {E0) {Y0] (Y1] 


000 001 010 011 100 101 110 111 
[XO] [X1)} [YO] RIN T (E1]} [CO] {C1} 


O-LBUS / 1-P 
O-RBUS / 1-A/B (REFER TO ALU DST) 











wn od 
ri on 
«| 
° 





ALU CODE CF. SPECIAL TABLE 









08 


© & 
i 
o 
08 
wo 
H 


01 10 11 
F B 


001 010 011 100 101 110 111 
F A T CCR _ 


NO LOAD / 1-LBUS > M 
NO LOAD / 1-RBUS ~ N 


ALU DST 


> 





ses ease earlobe 
a2 
” 
Ps] 
oO 


Z SRC 





Oo 
2 
P12 


00 01 10 11 
+0 +1 — ~1 
00 01 10 11 
00 01 10 11 
+0 +1 = -1 
Z DST 000 001 010 011 100 101 110 111 
NONE ROUT [Y0) [Y1] [E0} [E1) [x0] [X1] 
[zt SSCS*C*«dtCO NO LOAD /1-ZBUS —T 











FIGURE 7.1. - OPIN: CALCULATION INSTRUCTION WITH INDIRECT ADDRESSING 


01 10 11 
(EO) [YO] [Y1]} 


001 010 011 100 101 110 111 
_ Y RIN T E - Cc 
D / 1-F 

RBUS / 1-A 


Field 


1 OP CODE 


L SRC 
Z SRC 


x8 


? 
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CF. SPECIAL TABLE 





ALU CODE 


ALU DST 


fleece peels safeles oe 





LBUS 
DIRECT 
ADDRESS 


























0000 0010 0100 0110 1000 1010 1100 1110 
NONE ROUT {Yo} {v1} (EO) {E1] (X0] LCR 
0001 0011 0101 0111 1001 1011 1101 1111 

x0 x1 Yo Y1 EO E1 Co C1 















FIGURE 7.2. - OPDI: CALCULATION INSTRUCTION WITH DIRECT ADDRESSING 
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OPERATING CODE FORMATS (Continued) 


pri | Operations and codes 


Ef — 


: esac | 000 «=—s00si(i‘ittéiTsi(<téi‘iSCi (ttt 
7 {XO} {[X1} [YO] RIN T {E1) (CO) [C1] 
| 8 f{s i tBUSs/ 1p 
| 9 (|[SR_ [| ORBUS/1-A 


ALU CODE 









CF. SPECIAL TABLE 





IMMEDIATE 
VALUE 





LSB 


FIGURE 7.3. - OPIM: CALCULATION INSTRUCTION WITH IMMEDIATE OPERAND 


oa 
_ 
Ps 


Field Operations and codes 


OP CODE 01111 





000.—s«01 010 011 100 101 110 111 
x _ Y RIN T E _ Cc 


0-LBUS / 1-P 


0 
1 
2 
3 
4 
5 
6 
7 

00 01 10 "1 

| ASR LSL  LSR ROR 
16 
17 
18 
19 
20 


NOTE: When LSR, ASR, ROR 


shift value is complemented to 2 





0-F / 1-A 
MSB 


LBUS 
DIRECT 
ADDRESS 


27 LSB 


FIGURE 7.4, - ASR, LSL, LSR, ROR: SHIFT INSTRUCTIONS 
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OPERATING CODE FORMATS (Continued) 











Operations and codes 











0-IR, 1-RAR 
0-FALSE, 1-TRUE 

















REFER TO SPECIAL TABLE 


0-NO SVPC, 1-PC ~ RAR 
MSB 








BRANCH 
ADDRESS 








0 1 
Gos tet 





001 010 011 100 101 110 111 
NONE _ [YO] [Y1]} as _ {XO} {X1] 


0-NO LOAD, 1-ZBUS > T 





FIGURE 7.5. - BRI: IMMEDIATE BRANCH INSTRUCTION 














0 

; OP CODE 1010 

3 
aT FALSE, TRUE 

5 

s COND REFER TO SPECIAL TABLE 

8 
| 9  { SVPC 0-NO SVPC, 1-PC — RAR 

10 

11 

12 

13 

14 

15 

16 

17 BRANCH 001 010 011 100 101 110 11 

18 SOURCE F A B T es i _ 

19 

20 

21 

22 

23 

24 

25 

26 01 10 11 

27 +1 _ —1 

010 on 100 101 110 1 

a 2 DST NONE (Yo! {Y1] = = [xo} [Xt] 
a par ~* ONG LOAD, 128US =F 


FIGURE 7.6. - BRC: COMPUTED BRANCH INSTRUCTION 
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OPERATING CODE FORMATS (Continued) 


Operations and codes 


OP CODE 


0001 0010 0101 
x1 Yo E1 
1001 1010 1101 


ZBUS 
DIRECT 
ADORESS 


LSB 


000 001 
Z DST NONE ROUT E 


|zT SC ONO LOAD, 1-ZBUS ~ T 


FIGURE 7.7. - SVR: DATA TRANSFER INSTRUCTION 


pal Operations and codes 
OP CODE 


J DST 000 00 010 011 100 101 110 111 
4 AMR LCD vo Y1 — RDYOIN EF NONE 
5 

6 

7 x 











1 
K DST 000 001 010 011 100 101 110 111 
x0 1 LCI-LCR NONE EO E1 co C1 
00 01 10 11 
_ REAL DBPR CPLX 


0 NO SATURATION MODE 1 SATURATION MODE 


| 11 =| ADOF ==——s | 0 ~— NO INVERSION 1 INVERSION LSB ADDRESS X/Y RAM 
2 


J7 | J7 0 YRAM NORMAL MODE 1 YRAM CIRCULAR ADDRESSING MODE 













J CONSTANT 


K7 0 XRAM NORMAL MODE 1 XRAM CIRCULAR ADDRESSING MODE 
K CONSTANT 





FIGURE 7.8. - INI: INITIALIZATION AND CONTROL INSTRUCTION 
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7.2. ALU CODES 


B + A* (COMPLEX CONJUGATE) 


Ps 
QO 
° 
Oo 
F 
ug 
4 
o 
< 
1) 
ad 
~ 
1S) 
x 
is 
= 
=) 
Oo 
(ad 
x 
ud 


A + B + CARRY 
B + A/16 
COMPLEMENT A 
COMPLEMENT B 
LBUS — CCR 
LSL BYTE 

LSR BYTE 
EXECUTE RC 
LOAD RC 


A + B + CARRY 





A +B + CARRY 
TRANSFER A 
TRANSFER B 


% Affected bit. 


Notes : 


1) A/B refer to ALU inputs (RESP. LSIDE/RSIDE) not to accumulators A/B 


2) in ASL the Carry bit is equivalent to exclusive - or of bit 14 and 15. 
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7.3. TEST CONDITIONS 


TRUE CONDITION FALSE CONDITION 
BRANCH 

ALWAYS BRANCH NEVER 
BSO NO BSO 


= 
eve no ove 


RDYOIN NO RDYOIN 
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SECTION 8 
PERFORMANCE EVALUATION 














TIME (ys) 


TRANSVERSAL FILTER 
(N COEFFICIENTS) (1) 













REAL 0 160 x N 
COMPLEX 0.320 x N 
ADAPTIVE REAL 0.320 x N 
ADAPTIVE CMPLX 0 640 x N 


BIQUAD FILTER - 4 COEFF 
LATTICE FILTER - 10 STAGE (1) he aaa 


AUTOCORRELATION - 10 th ORDER (2) 
(240 samples) 8 us/sample 
1.8 ms total 




















(32-bit result) 


FFT 
(RADIX 2 - DIF - algorithm) (2) (3) 
64 - POINT COMPLEX 

128. POINT REAL 

256 - POINT COMPLEX 


COSINE CALCULATION 








Notes . 

(1) Excluding initialization, context switching, pipeline. 
{2) Usirrg external RAM. 

(3) Including loading’ unloading, scaling, bit reserve. 
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SECTION 9 


ELECTRICAL SPECIFICATIONS 


9.1. MAXIMUM RATINGS 









Input voltage 
Operating temperature range 
Storage temperature range 


Max. power dissipation 


li 


* With respect to Vss 


9.2. DC ELECTRICAL CHARACTERISTICS 


Stresses above those hereby listed may 
cause permanent damage to the device. 
The ratings are stress ones only and 
functional operation of the device at 
these or any conditions beyond those 
indicated in the operational sections of 
this specification 1s not implied. Expo- 
sure to Maximum rating conditions for 
extended periods may affect device 
reliability. Standard MOS circuits han- 
dling procedure should be used to avoid 
possible damage to the device. 


Vcc = 50V+5%,Vss = 0, TA = Oto + 70°C (Unless otherwise specified) 


input leakage Current 


Output high voltage (liggg = — 300 pA) 


Output low voltage (liggg = 3 2 MA) 
Power dissipation 


Input Capacitance 


Three state (off state) input current 





9.3. AC ELECTRICAL SPECIFICATIONS - CLOCK AND CONTROL PINS TIMING 


(Vcc = 5.0V+ 5 %, Ta = O° to + 70°C; see figure 9.1.) 
OUTPUT LOAD = 50 pF + DC characteristics | load 


Vil: 2.4V 
VOH: 2.4 V 


Characteristic 
External clock cycle time 
External clock fall time 
External clock rise time 
EXTAL to CLKOUT high delay 
EXTAL to CLKOUT low delay 
CLKOUT rise time 
CLKOUT fall time 


CLKOUT to DS, RD, WR low 
CLKOUT to DS, RD, WR high 


Control inputs set-up time (BSO...BS2, BE3...BE6, Reset, halt) tsc 
Control inputs hold time (BSO...BS2, BE3...BE6, Reset, halt) 
CLKOUT to control output low (iRQ, BA) 

CLKOUT to control output high (BA) 
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[Symbet | Min [Wwe _| 
ex [4 | 
Tex |_| 


tr, tf < 5 ns for input signals 


S 


_ 
mo 
oe; 
5 


Ss 


No 
on 

3S ]5 
n ” 


=) 


3 


N 
; S 
a) =) a) po) 
NEM TNEN EN 


tcex 


EXTAL 


CLKOUT ( 


RESET, HALT 
IRQ, BA 


tc/2 tc/2 
N tdsI tdsh 


tdhc 


FIGURE 9.1. - CLOCK AND CONTROL PINS TIMING 


INTERNAL CLOCK OPTION 


A crystal oscillator can be connected across XTAL and EXTAL. The frequency of CLKOUT: tc/2 is half the crystal 


fundamental frequency. 





EXTAL 







TS68930 





XTAL 
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C1, C2 typical value = 10 pF 


9.4. AC ELECTRICAL SPECIFICATIONS - LOCAL BUS TIMING 
(Vcc = 5.0V+t5 %, Ta = 0° to + 70°C; see figure 9.2.) 





Ene ; 
: y=} 


a <n coe 


DATA OUT 









eng 
DO-D15 

| 
DATA IN ( DATA IN La 


FIGURE 9.2. - LOCAL BUS TIMING DIAGRAM 
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9.5. AC ELECTRICAL SPECIFICATIONS - SYSTEM BUS TIMING 
(Voc =5.0V+5 %, Ta = 0° to + 70°C; see figure 9.3.) 


SDS low to DTACK low 
SDS high to DTACK high* 
SDS high to IRQ high 





ae 
ep) bee] 


. ’ |) (ae 


ADO-AQ7 
ss = » 


Ws 
ADO-AD? 


DTACK 


oo 








FIGURE 9.3. - SYSTEM BUS TIMING DIAGRAM 
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9.6. - AC ELECTRICAL SPECIFICATIONS - INSTRUCTION BUS TIMING 
(Vcc = 5.0V+5 %, Tp = 0° to + 70°C; see figure 9.4.) 


[instruction vats SSCS gr 
instruction hei | 
“ose 
ere 


CROM data set-up time 


CROM data hold time 


CLKOUT 


INCYCLE 





FIGURE 9.4. - 1-BUS TIMING DIAGRAM 
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10.1. - PIN ASSIGNMENTS 


~~ 


123 
124 
125 
126 
127 
128 
129 
130 
131 
10 
1 
12 
i3 
14 


DO 
D1 
D2 
D3 
D4 
D5 


~~ 
—~ 


SECTION 10 
PIN ASSIGNMENTS AND 
MECHANICAL DATA 





D4 U 3D3 
050 1} D2 
060 01 
o70 Do 
os 1 BE3 
090 Ty BE4 
D100 1] 8SO 
b110 BS 
D120  BsS2 
0139 }A11 
014) ‘}vcc 
015 rA10 
vssQ ry A9 
XTALQ J A8 
EXTAL Ty AD7 
CLKOUTQ JADE 
ost PJ ADS 
R/WO ry AD4 
SR/WO .AD3 
sos Pr} AD2 
cs PJ AD1 
‘RS r} ADO 
RESETO r) BE5/BA 
ROO ') BE6/DTACK 


48-Pin Dual-in-Line Package 


du 
5 
OW ee 3) 
Sreer eV tse z=awmnroz|t 
GrOoOIOoowavwdagwoadowd gag wo 
RBSSEEBEVSSSESBSRBEK BBE 
528 
518 
50 
493 
47 
46 
453 
443 
TS68931 = 
426 
ne 
40 
39 6 
378 
35 2 
©OrNPMSCARsRRERRRaANE 
TMOHONDODOUOOoeoMonMs 
oe, eee Od tf Dja'S'fjaloia 
Baan ae eee! a7, 
Kx <y (Tp) 
uly 
O 


84-Terminal Chip Carrier (LCCC) 
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BE3 
BE4 
BSO 
BS] 
BS2 
All 
A10 
AQ 

A8 
BE5S/BA 
BE6/DTACK 
AD? 
AD6 
ADS 
AD4 
AD3 
AD2 
AD1 
ADO 
1RQ 
RESET 


BE3 
125 
123 
121 
118 
115 
110 
111 

18 
INCYCLE 
HALT 





TS68931 84-Pin Grid Array (see table 10-1 Pin Assignments) 


06 
e009 


i 
xo 
-@ 


oo 
6° 


@60e0 
0096 
6-0 


Pwo omnnreKer 
696 


8 





TABLE 10-1 PIN ASSIGNMENTS 


BE6/DTACK 
AD4 
BE5/BA 
13 

14 

12 

AD7 
AD5 
AD6 

DO 

01 

AD2 
AD3 

D2 

D4 


vec 
IRQ 
AD1 
D3 
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10.2. - PACKAGE DIMENSIONS 


CB-229 





P SUFFIX 
PLASTIC PACKAGE 


(1) Nominal dimension 
(2) Yrue geometrical position 
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SECTION 11 
ORDERING INFORMATION 






[Pree tyee | Tamperte Rene [PoreNemer | 
Plastic DIL - O°C to + 70°C TS68930CP 
P Suffix —40°C to + 85°C TS68930VP 
Ceramic DIL 0°C to + 70°C TS68930CC 
C Suffix —40°C to + 85°C . TS68930VC 
LCCC 0°C to + 70°C ' TS68931CE 
E Suffix —40°C to+ 85°C TS68931VE 
PGA 0°C to + 70°C TS68931CR 


R Suffix 














As the TS68930 is a programmable circuit, a special ordering procedure has to be used. !n order to get information 
about this procedure as well as the customer ordering sheet, please contact our sales representatives. 
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THOMSON TS68950 


COMPONENTS 


ai MODEM TRANSMIT ANALOG INTERFACE 


@ 


MOSTEK oto) LON key Wale) tom 2216) 8] 0 long) 





DATA SHEET 


The TS68950 is a transmit (Tx) analog front-end circuit designed 
to implement high speed voice-grade modems up to 19200 bps 
according to the CCITT V.22, V.26, V.27, V.29, V.32 and V.33 ANALOG INGEAEMGE 
recommendations or the BELL 212A, 208 and 209 standards. 

This circuit is particularly suited to work with the TS68951 receive 
(Rx) analog front-end circuit, the TS68952 clock generator and the 
TS68930/31 digital signal processors (DSPs). 


CMOS 





CASE CB-68 
Main features 
— Two-channel digital to analog converter (DAC) for Tx and echo- 
cancelling signals. 
— 6th-order low-pass filter (switched-capacitor filter with output 
continuous-time smoothing cell). 
— Programmable attenuation over a 22 dB range with 2 dB steps. 
— Direct interface with MPU standard 8 bit bus. 


P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 
SUFFIX 
CERAMIC PACKAGE 


J SUFFIX 
CERDIP PACKAGE 





PIN ASSIGNMENT 
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TxCCLK 


Saieaaainins: i: sieenmnaneontan acs 


—{ | 
Tx SAMPLES | =r | 
—-_ 
Road T mz 


| | 7 
“p ie ae ae ee 

| - 

| 





DO :D7 [ 


sa oe — esTIMATED ECHO 


9S-2 


mi 
& 


R/W 8 BIT DATA BUS 


3 68930.31 ASO/RS! 


a] 
e 


CONTROL 
REGISTER 


RC4 





ADDRESS 


aporessnecisteR [tS 
ARC 





| 

l 

| ; 
L---- h t  -- -- -- 


v~ DGND AGND 


wvovia 901g 


PIN DESCRIPTION 


8 bit data bus inputs giving access to Tx, estimated echo, control and address registers. (With pins 
20-24). 


| oE- 6f a | Enable input. Data are strobed on the positive transitions of this input. 
Read/write selection input. Internal registers can be written when R/W = 0. Read mode is not used. 
CS0-CS1 i en. | Chip select inputs. The chip set is selected when CSO = O and CS1 = 1. 


RSO-RS1 oes Register select inputs. Used to select D/A input registers or control/address registers in the write 
mode. 


Digital ground = O V. All digital signals are referenced to that pin. 


Test input. Used to reduce testing time. 
That pin must be connected to DGND in all applications. 


Negative power supply voltage = -—5 V + 5% 


Analog ground = 0 V. 
Reference point for analog signals. 


Programmable analog input tied to filter or attenuator input according to the RC4 register content. 


i 
DO-D4 20-24 See pins No. 1-3. 


TxCCLK 
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FUNCTIONAL DESCRIPTION 


The TS68950 is a transmit analog interface circuit 
dedicated to voice-grade MODEMs, telephony and 
speech applications. The TS68950, the TS68951 
(receive analog front-end circuit) and the TS68952 
(clock generator) constitute an analog front-end chip 
set useful for implementation of synchronous MOD- 
EMs operating on two or four wires according to the 
CCITT V.26, V.26 bis, V.27, V.27 bis, V.27 ter and 
V.29 recommendations or BELL 208 and 209 stan- 
dards, or in two wires full-duplex according to CCITT 
V.22, V.22 bis or BELL 212A (split band) and CCITT 
V.26 ter and V.32 (echo cancelling). 

By receiving digital samples from a DSP like the 
TS68930/31, the TS68950 delivers two analog sig- 
nals: the transmitted (Tx) signal that will be sent on 
the line and the estimated echo signal that will be 
subtracted from the received (Rx) signal on the 
TS68951 Rx chip. 

The digital Tx and estimated echo samples are con- 
verted to analog during the low state and the high 
state of the TxCCLK clock, respectively. 


MAIN FUNCTIONS (See block diagram) 


¢ 12 bit digital to analog converter multiplexed on 
two channels. 


e Tx signal sample and hold running with Tx sam- 
pling frequency TxCCLkK. 

e Tx low-pass filter with continuous-time 

smoothing. 


e Programmable attenuator from O to —22 dB with 
2 dB steps. 


¢ Estimated echo sample and hold running with Tx 
sampling frequency TxCCLK. 


DSP INTERFACE SIGNALS 


The TS68950 interfaces to the signal processor via 
an 8 bit data bus (only used in writing mode), two 
chip select lines, two register select lines, a read/ 
write line and an enable line. 


Data bus (DO-D7) - The write only data lines allow 
the transfer of data from the DSP to the TS68950. 
Input buffers are high-impedance devices. 


Enable (E) - The enable pulse (E) is the basic timing 
signal that is supplied to the TS68950. All the other 
signals are referenced to the leading and trailing 
edges of the E pulse. 
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Read/Write (R/W) - This signal is generated by the 
DSP to control the direction of data transfers on the 
data bus. A low level state on the TS68950 read/ 
write line enables the input buffers and data is trans- 
ferred from the DSP to the TS68950 on the E signal if 
the circuit has been selected. The device is unse- 
lected when a high level signal is applied to the R/W 


pin. 


Chip Select (CSO, CS1)- These two input signals are 
used to select the chip. CSO must be low and CS1 
must be high for selection of the device. Data 
transfers are then performed under the control of 
the enable and R/W signals. The chip select lines 
must be stable for the duration of the E pulse. 


Register Select (RSO, RS1) - The two register select 
lines are used to access the different registers inside 
the chip. For instance these two lines are used in 
conjunction with the internal control register ARC to 
select a particular register RC4. The register select 
lines must be stable when the E signal is low. 


CLOCK INTERFACE BETWEEN TS68950 AND 
TS68952 


The TS68950 receives two clock lines from the Clock 
Generator TS68952. 


Master clock sequencing (CLK) 


The typical frequency is 1.44 MHz but the recur- 
rence frequency must be an exact multiple of the 
terminal clock frequency. The Tx DPLL included in 
the clock generator circuit (TS68952) operates by 
adding or subtracting pulses to a 2.88 MHz internal 
clock. This corresponds to phase leads or phase lags 
of about 350 ns duration. To ensure correct device 
operation, clock synchronization must be done 
immediately after the negative-going transition of 
TxCCLK clock. 


TxCCLK 
~LELELU LLU LL wormar 
Te eee LI Ls... xe 


CLK 


Transmit Conversion Clock (TxCCLK) 


The conversion clock TxCCLK must be derived from 
the master clock CLK. Three nominal values are pos- 
sible: 9.6 kHz, 8 kHz and 7.2 kHz. 9.6 kHz is the 
highest allowable frequency. To run properly the 
TxCCLK clock must be a submultiple of CLK/5: 


TxCCLkK x 5 x N = CLK (with N integer) 


This is ensured when using the TS68952 clock 
generator. 

The sampling clock of the switched capacitor filter 
section is obtained by dividing the CLK frequency by 
five and performing internal synchronization on the 
leading edges of TxCCLK. 

The Tx samples are converted from digital to analog 
during the low state of TxCCLK. The estimated echo 
samples are converted during the high state of 
TxCCLK. 


INTERNAL CONTROLS 


Power-on 

The chip contains internal power-on reset logic to 
initialize the RC4 control register in order to avoid 
undesirable signal transmission on the telephone 
line. 


Internal addressing 


320 ns cycle 
number 
TR1 transmitted sample register 


Es 
1 TR2 estimated echo sample 2 
register 








Sample registers (TR1 and TR2) 

TR1 is the transmitted sample register and TR2 the 
estimated echo sample register. TR1 and TR2 store 
two’s complement 12 bit data (DACO to DAC11). As 
indicated below, writing each sample requires two 
cycles. 


D7 D6 OS D4 D3 D2 D1 po 
First | DAC | DAC] DAC] DAC 
cycle 3 2 1 0 x x xX x 
Second DAC | DAC} DAC | DAC | DAC | DAC] DAC] DAC 
cycle 11 10 9 8 7 6 5 4 


An internal flip-flop is used to select the first or the 
second byte. It advances one count on the positive- 
going edge of the E pulse when the sample registers 
are selected (CSO = 0, CS1 = 1 and RSO = 0). When 
the sample registers are disabled, the latch is reset 
on any E positive-going edge. Both TR1 and TR2 
registers are sampled by the DAC on the falling edge 
of TxCCLK. Therefore their contents must remain sta- 
ble during this edge. 


ARC address register 


RC4 control register (if addressed 
by ARC) 
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Control register (RC4) 


The RC4 control register has two different functions. 
Its four most significant bits give the transmit atten- 
uator gain following the table below. 


D7 D6 DS D4 D3 D2 D1 DO RC4 REGISTER 


ATTIATTIATTI ATT 
4 3 2 1 Attenuation (dB) 














Infinite 


Shs 


6 
8 
0 
2 


| infinite 


a 





Depending on the EM1 and EM2 states in the RC4 
register, the programmable analog input (EXI)can be 
connected to the filter input or to the transmit atten- 
uator input. 


07 D6 DS D4 D3 D2 D1 DO RC4 REGISTER 


EM2 
EX! INPUT 


| 0 | disabled 
ER 








transmit filter input 





transmit attenuator input 


disabled 


Following power-up, all RC4 bits are preset at one, 
EX] input is disabled and the transmit signal is can- 
celled. 


DO and D3 bits are not used in the RC4 register. 


Address register (ARC) The address of the ARC register is automatically 


increased by one each time the control register is 


The address register stores 3 bits (D5, D6 and D7). accessed. This allows indirect or cyclical addressing 
Among the 8 possible addresses, only one is used to RC4. | 


inside the TS68950 (RC4 address). 
EEO OUTPUT WAVEFORM 


The EEO output is not valid during S/H sampling. 
The output presents at this time the S/H offset vol- 


tage. 
RC 4 po fat atx |x] xf x] x This offset voltage appears at the 24th CLK period 


after rise transition of TxCCLK and disappears at the 
X: don't care 31th. 


D7 D6 OS D4 D3 D2 Ot! DO 


Waveform 


0 fo eT 24 25 26 27 28 29 30 31 32 
TxCCLK = 
sample 
Offset Voitage 





MAXIMUM RATINGS 


DGND digital ground to AGND analog ground Feel —0.3to +0.3 
V+ supply voltage to DGND or AGND ground eee oul —~0.3to +7 Ss aa 









V 

V 

vi 

a 

Piedad 
: ° 


Pin temperature (soldering 10 s.) +260 
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Stresses above those listed under ‘Maximum tions of this specification is not implied. Exposure to 


Ratings’ may cause permanent damage to the maximum rating conditions for extended periods 
device. This is a stress rating only and functional may affect device reliability. Standard CMOS hand- 
operation of the device at these or any other condi- ling procedures should be employed to avoid possi- 
tions beyond those indicated in the operational sec- ble damage to device. 


ELECTRICAL OPERATING CHARACTERISTICS 


Negative Supply Voltage 
V~ Operating current 
V~ Operating current 


D.C. AND OPERATING CHARACTERISTICS 





Unless otherwise noted, electrical characteristics are specified over the operating range. Typical values are given 
for V7’ =+5V,V-=—5 Vand tamb = 25°C. 


DIGITAL INTERFACE 


Parameter 


input low level voltage 
Input high level voltage 


Input low level current 
DGND < Vi < Vij max 


Input high level current 
Vimin < Vi SV 


Input current 
(Input Tx filter selected) 


input capacitance Cin 
(input ATT selected) 

f < 50 kHz 

f > 50 kHz 


Input resistance 
(Input ATT selected) 


Vin 
lin 





ANALOG INTERFACE, ATO TRANSMIT OUTPUT 


Output voltage swing 
Ry > 1200 9 
and C; < 50 pF 


Output resistance 
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ANALOG INTERFACE, EEO ESTIMATED ECHO OUTPUT 


Output DC offset 


Load capacitance 
[ tondcerstoee ——SSSC~* 


Output voltage swing 
Ry > 10 kQ and 
C; < 50 pF 


Output resistance 





DAC TRANSFER CHARACTERISTICS 


=< 















Least significant bit amplitude 
Integral linearity error | aa 
Differential linearity error Dal — 0.7 ae: 


TRANSMIT FILTER TRANSFER CHARACTERISTICS (see annexe 1) 


Absolute passband gain at 1 kHz Gar 


Gain relative to gain at 1 kHz 
without sin x/x correction of DAC sampling 


Below 3100 Hz 
3200 Hz 
4000 Hz 
5000 Hz to 12000 Hz 
12000 Hz and above 


Absolute delay 
600 Hz to 3000 Hz 





ATTENUATOR TRANSFER CHARACTERISTICS 


ne | 

re 
Catenion oeivetoroninivaue «da | eo | 
[ winimumatenanion a | 
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GENERAL TRANSFER CHARACTERISTICS (from DATA BUS to ATO) 


ATO absolute gain at 1 kHz 
ATO psophometric noise 


ae POSS power supply rejection ratio. 
- 200 mVpp 


ATO negative power supply rejection ratio. 
Vac * 200 mVpp 
f = 1 kHz 


Signal to harmonic distorsion ratio (psophometric band) 


Parameter 


EEO absolute gain at 1 kHz 


EEO psophometric noise 


ae positive power supply rejection ratio. 
Vac = 200 mVpp 
f = 1 kHz 


EEO negative power supply rejection ratio. 
Vac = 200 mVpp 
f= 1 kHz 
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BUS TIMING CHARACTERISTICS (See Notes 1 and 2) 


oe Pulse width, E high level 
Clock rise and fall time 


Input data hold time 





nD nn 


FIGURE 1 — BUS TIMING 


Notes : 


1. Voltage levels shown are VL < 0.4 V, VH > 2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.2 V, unless otherwise specified. 
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CLOCK TIMING CHARACTERISTICS 





CLK 





TxCCLK x 


FIGURE 2 — CLOCK TIMING 
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GAIN (dB) 


GAIN (dB) 


GROUP DELAY (ms) 


FREQUENCY (kHz) 
0. 1. 2. 3. 4. 


TRANSMIT LOW-PASS FILTER TYPICAL RESPONSE AND LIMITS CHART 


FREQUENCY (kHz) 
QO. 5. 10. 15. 20. 25. 





TRANSMIT LOW-PASS FILTER TYPICAL RESPONSE AND LIMITS CHART 


FREQUENCY (kHz) 
1. 2. 3. 


0. 
Lee 


9 
> 


—-1.2 


TRANSMIT LOW-PASS FILTER TYPICAL GROUP DELAY AND LIMITS CHART 


APPENDIX 1 
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L9-2 


Tx signal 600 Line 











































NK > 
x TP -——L_ Se -- -— — = |_| cae wea [>| Rx signal 
| AN TS68950 
| 
| ¥ 
| 
| 

EE! LEI RAI 
| ee 
| TS68951 
| Control 
| S/H registers 
| 
| MODEM 
Rx analog 

| interface 
| 12-bit DAC 
| (2 channels) Address 
register 
| 
fret eS CCH 

TxCCLK 

RxCCLK 












Digital 
signal 
processor 


MCU 8-bit bus 


eee Sea 


MODEM 
Tx and Rx clock 
generator 


TS$68930/31 


Terminal clock 





CTRL = CSO. CS1, RSO. RS1, E. R/W 
TS68952 


NOILVONMIddV IVOIdAL 


PHYSICAL DIMENSIONS 


CB-68 


ail aq 


ic 





ALSO AVAILABLE 
P SUFFIX C SUFFIX J SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE CERDIP PACKAGE 





{1} Nominal dimension 
(2) True geometrical position 


24 pins 
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THOMSON) 
COMPONENTS T S 6 8 9 5 1 

















@ 


MOSTEK 





COMMUNICATIONS PRODUCTS 


DATA SHEET 


CMOS 


MODEM RECEIVE 
ANALOG INTERFACE 


The TS68951 is the receive section of a MODEM analog front-end. 

The MODEM consists of TS68950/51/52 analog front-end chip sets and 
TS68930/31 digital signal processor; it is able to run voice-grade applica- 
tions, which conforms to CCITT V.22/BIS, V.26/TER, V.27, V.29, V.32 and 
V.33 recommendations as well as BELL 212A, 208 and 209 standards. 


Main features 


CASE CB-132 


¢ Programmable band-pass filter. 

¢ Back channel rejection filter (selected by programming) 

¢ Reconstruction filter (selected by programming) 

¢ Continuous-time anti-aliasing and smoothing filters 

® Programmable gain amplifier (from O dB to 46.5 dB with 1.5 dB steps) 


© 12 bit A/D converter with asynchronous multiplexing of two 
plesiochronous channels (one channel for echo cancellation) 
Carrier level detector with programmable threshold. 
Digital interface: 8 bit bi-directional data bus, 6 bit control bus. 
Dual power supplies +5 V and —5 V 
Designed to operate with TS68950 transmit unit and TS68952 clock 
generator. 


1 
P SUFFIX 
PLASTIC PACKAGE 


ALSO AVAILABLE 
C SUFFIX 
CERAMIC PACKAGE 


J SUFFIX 
CERDIP PACKAGE 





PIN ASSIGNMENT 


D4 

D3 

D2 

D1 

DO 
TxCCLK 
RxCCLK 
CLK 

vt 
AGC2 
CD1 

LEI 

RAI 
AGND 
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OZ-2 


LE! EEI TxCCLK RSO RSI 
O O O : O O 


= aie 
eet OQ 
RAI © ad — 0 a ; 
| . 
bea eee et —— i a al ia i yr at ak 4 
ASYNC RR2 * 
MUI oe 
O 
O 
ei ~ _ 


OUTPUT 
he 
e Cad 
en AGC S/H}. 
SCF3 CTF2 
CARRIER 
LEVEL 


REGISTER 
SCF =: Switched-capacitor filrer DETECTOR 
CTF =: Continuous-time filter 
SCF1. : Rx band-pass filter 
SCF2_ : Back-channel rejection filter | 
SCF3  : Reconstruction filter [ 
CTF1 : Anti-aliasing Rx low-pass filter 















COR 


OUTPUT 
REGISTER 






It 





DATA 
BUS 


WYVHOVIG 19018 







ARC 
ADDRESS 
REGISTER 


CTF2 :s thing low- file 
moothing low-pass filter CONTROL 
REGISTERS 





RFO Q © AGC! O cD1 O ; 
RxCCLK 


PIN DESCRIPTION 


Description 





Data bus 








Enable input. Enables selection inputs. 
Active on a low level for read operation. 
Active on a positive edge for write operation. 





———— 
5 Read/write Selection input. Read operation is selected on a high level. 
Write operation is selected on a low level. 








6-7 Chip select inputs. The chip set is selected when CSO = O and CS1 = 1. 











8-9 [ Register select inputs. Select the register involved in a read or write operation. 





10 Digital ground. All digital signals are referenced to this pin. 











11 Estimated echo input. When operating in echo cancelling mode, this signal is added to the reception band- 
| pass filter output. 


12 





Analog input of the automatic gain control amplifier and of the carrier level detector. 


nee o 


13 Reception filter analog output. Designed to be connected to AGC1 input through a 1 wF non polarised 
capacitor. 





on ae 


14 Negative power supply. V— = — 5V+ 5%. 


Analog ground. All analog signals are referenced to this pin. 














}————— 





Receive analog input. Analog input tied to the transmission line. 








Local echo input. Analog input subtracted from the receive anti-aliasing filter output. 


This pin must be connected to the analog ground through a 1 ywF non polarised capacitor, in order to 
cancel the offset voltage of the carrier level detector amplifier. 


This pin must be connected to the analog ground through a 1 wF non polarised capacitor, in order to 
cancel the offset voltage of the AGC amplifier. 


Positive power supply V’ = + 5V + 5%. 
Master clock input. Nominal frequency 1.44 MHz. 


Receive conversion clock. 


TxCCLK Transmit conversion clock. 
DO-D4 24-28 Data bus. 
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RSO RS1 
EEl © © 


LE! 















te 
RAI © Riad 

CTF1 
Bul 
Q 
Cc 
JO a ee en en nn ee ee ee 
m 
wa 
I 
wv 
e 12 BIT 
be] S/H1 ACL 
2 RR1 
mn eee ee OUTPUT 
(e) REGISTER 
9) 
+ 
= 
9 
= 
a 
aa CARRIER CDR 
> LEVEL OUTPUT 
nn DETECTOR REGISTER 
iw) 
Cc DATA 
<u BUS 
2 
m 
x 
> 
Oo ARC 


RC3, RCS 
RC6 






ADORESS 
REGISTERS 





CONTROL 
REGISTERS 





RFO O C) 


RxCCLK 


€L2-Z 


LNAIWLV3SYL TVNOIS SOTVNY ONITTAONVS OHO3 SYIM-OML — 2 AYHNOlS 


LE} EEI TxCCLK RSO- RS! 


C) () C) C) 
~~“ as as ay 
Fd ‘ 
RAI © > ad S/H2 
CTF1 + SCFt + 








RR2 
OUTPUT 


or 


OUTPUT 
REGISTER 


© © zB 
cx 
C) x Z 
e) 
> OS 
ow 
Ss 







output [9 


REGISTER 





* te 
— — 
SCF3 CTF2 


CARRIER 
LEVEL 
DETECTOR 





ARC 


ADDRESS 
REGISTER 


RC3, RCS 
RC6 






CONTROL 
REGISTERS 





RFO ©) C) AGC1 C) 
RxCCLK 


FUNCTIONAL DESCRIPTION 


The TS68951 is a receive analog interface for voice- 
grade MODEM. It is able to perform the receive 
interface function for three types of synchronous 
MODEM: 

e Four-wire or two-wire half duplex MODEM. 

e Two-wire full duplex band-split MODEM. 

e Two-wire full duplex echo cancelling MODEM. 


Four-wire or two-wire half duplex MODEM and 

two-wire band-split MODEM 

In these modes of operation, EE! input must be tied 

to the analog ground. The analog signal treatment of 

receive input is shown in figure 1. 

Programming requirements: 

e Band-pass filter cut-off frequencies. 

e Back channel rejection filter (presence or absence 
according to the application). 

e SCF1 or SCF2 output as input of CTF2. 

e AGC gain. 

e Carrier level detector threshold. 


The receive samples are coded at RxCCLK rate and 
can be read from receive register (RR1). 


Two-wire echo cancelling MODEM 


This mode of operation uses the full capabilities of 
the TS68951. The analog treatment of receive input 
is shown in figure 2. The echo cancelling operation 
is achieved by means of subtraction of the LEI signal 
from the output of CTF1 duplexer and addition of the 
EEI signal to the output of SC1. 

After the local echo reduction by the duplexer the 
resultant signal consists of the receive signal plus 


Addressed control 


register 





the echo signal generated by the transmission line 

mismatch: this undesirable signal is then cancelled 

at the output of the Rx band-pass filter. 

Programming requirements: 

e Band-pass filter cut-off frequencies. 

e SCF1 output as input of S/H2. 

e Output of S/H2 as input of SCF3 and output of 
SCF3 as input of CTF2. 

e AGC gain. 

e Carrier level detector threshold. 

Residual signal samples from S/H2 output are 

coded at TxCCLK rate and can be read from receive 

register 2 (RR2), hence the signal processor may 

correlate them with the transmit samples to update 

the coefficients of the filter that generates the esti- 

mated echo. 

The receive signal samples are coded at RxCCLK 

rate and can be read from receive register 1 (RR1). 


FUNCTIONAL SPECIFICATIONS 


Bus and Registers Control 

For any operation involving bus and registers, the 
chip select bits CSO and CS1 must be valid (CSO =O 
and CS1 = 1). 

The seven internal registers are divided in four write 
only registers and three read-only registers. 


Write operation 


There are three control registers (RC3, RC5, RC6) 
and one address register (ARC) which can be writ- 
ten; but only ARC can be directly addressed. 
The control registers are indirectly addressed by the 
word contained in ARC according to table 1. 


Word contained in ARC 











X: don't care 


TABLE 1 


When a write operation is selected (refer to table 3) 
the data present on the bus are strobed on a positive 
edge of E and the content of ARC is incremented. 


Note: Addresses of RC3 and RC5 are separated by 


two increments. 


Read operation 


There are two 12 bit receive registers (RR1, RR2) 
and a 1 bit carrier detector register (CDR). 


RR2 contains the coded samples of the residual sig- 
nal and RR1 the coded samples of the receive signal. 


The active bit of CDR is D7: DOto D6 are forced to O. 
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When the RMS value of CTF2 output is greater than 
the programmed threshold, bit 7 of CDR is set. The 
nominal response time of the carrier detector to a 
signal settlement or removal is 1.78 ms. 


When a read operation is selected (refer to table 3) 
the data are sent to the bus on a low level of E; a high 
level on E sets the output bus drivers in a high 
impedance state. 


As the bus has only 8 bits, the content of RR1 or RR2 
must be read in two cycles. The four less significant 
bits are transferred in the first cycle and the eight 
most significant bits are transferred in the second 
cycle according to the format, table 2. 
























An internal latch selects the first or the second byte 
and is automatically incremented on a positive edge 
of E when one of the receive registers is addressed. 
This latch isnot reset at power-on, So it needs to be 








TABLE 2 
















reset before the first read operation: reset occurs on 
any positive edge of E for any operation, provided 
none of the receive registers is addressed; the first 
byte is selected when reset. 


Operation 





Write control register addressed by ARC 





Write address register (ARC) 








Read receive register 2 (RR2) (Residual signal sample) 








Read receive register 1 (RR1) ( Receive signat sample ) 











Read carrier detector register (CDR) 


RR1 and RR2Z output code: 
The output code is a 2's complement delivering 
valuesfrom- 2048 upto + 2047. Since the conver- 
ter codes voltage between — V ;af and + V yer, the 
theoretical decision voltage corresponding to code C 
can be computed as follows: 


20-4 
4095 


Ve= Vref 





where V reg is the reference voltage of the A/D 
converter, V ref nominal value is2.5 VandC 
is the algebraic value of code C. 

Example: 

Assume the output code is the hexadecimal value 

$8B1; the algebraic value of this code C = — 1871 

therefore V, = — 2.283 V. 


CONTROL REGISTERS DESCRIPTION 


Power-on 
The control registers ate not initialized at power on: 


TABLF 3 
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they must be inttlalized from proqrare before cena 
ing any word from the output registers. 


Register RC3 


The content of RC3 sets the — 3 dB cut-off frequen- 
cies of SCF1 receive band-pass filter, determines 
the presence or the absence of SCF2 back channel 
rejection filter and of SCF3reconstruction filter, and 
selects receive signal path to the second filtering 
section; without echo- cancelling the output of 
SCF1 or SCF2 is selected ; with echo-cancelling the 
output of S/H? 1s selected. 


The band pass filter consists of a Sth order elliptic 
low-pass filter and of a 2nd order high-pass filter 
whose cut off frequencies can be programmed by 
(LP1, LP2) and(HP1, HP2) respectively, (refer table 4). 


The rejection filter is present when REJ bit is high. 


The reconstruction filter is present when REC bit is 
high. 


S/H2 output is selected when S/A bit is high. 


i ner 
SO Ee RC3 REGISTER 


aa LOW-PARS FLTER 
Banioling peauensy — 3 dB Cut-off freq. 
(kH 2) (Hz) 
saa 
288 
288 
HIGH- PASS FILTER 


Sampling frequency — 3 dB Cut-off freq. 
hk z) (Hz) 


HIGH: PASS cubes REJECTION FILTER 


Scmplian — 3 dB Cut-off Rejected band 
freq. (kHz) freq. (Hz) (Hz) 
72 800 370-470 
1 col 2200 800-1600 


S/H2 SELECTION. 

















Desolactad 
Selectad 


RECONSTRUCTION FILTER SELECTION 


Deselected . 
Selected (Sampling frequency = 288kHz) 





TABLE 4 


X: don't care 
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Register RC5 


The content of RC5 sets the gain of the AGC ampli- Note: The AGC loop control is performed by the 
fier between O dB and 46.5 dB with 1.5 GB steps. signal processor. 


RC5 





AGC gain (dB) 








¢) 










































































































































































TABLE 5 
X: don't care 
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Register RC6 


The content of RC6 sets the carrier level detector 
threshold. (Refer to table 6). 














The threshold values are grouped by pair; values 
belonging to each pair have 2.5 dB separation which 
allows the signal processor to perform software 
hysteresis. 





TABLE 6 


x dont care 


CLOCK 


The master clock CLK, the receive conversion clock 
(RxCCLK) and the transmit conversion clock 
(TxCCLK) are generated in the TS68952 clock gene- 
rator. There are three possible frequencies for the 
conversion clocks: 7.2 kHz, 8 kHz and 9.6 kHz. 

The frequency of RxCCLK and TxCCLK is controlled 
by two independant Digital Phase Locked Loops 
(DPLL). TxCCLK can be synchronised on an external 
Terminal Clock (TxSCLK) or on the Rx bit rate clock ; 
in these cases 350 ns discrete phase shifts occurs 
on CLK and TxCCLK synchronously with TxCCLK 
negative edge with a repetition rate of 600 Hz, 800 
Hz or 1000 Hz according to the programmation of 
RC1 control register in the TS68952. 


AGC and CLD AMPLIFIERS 


The AGC consists of two cascaded amplifiers A1 and 
A2, fig. 3. AC coupling is obtained from C1 and C2 
external capacitors. C2 can be used as an auxiliary 
input for performing an analog loop located after 
echo cancellation. The carrier level detector (CLD) 
amplifier A3 also needs an external capacitor C3. 
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A/D CONVERSION 


The A/D converter is a 12 bit resolution, 8 bit min- 
imum integral linearity, monotonic converter. The 
input voltage ranges from — 2.5Vto+2.5V; andthe 
conversion time is better than 50 us. 


ASYNCHRONOUS MULTIPLEXING 


Samples on the output of S/H1 and S/H2 are 
converted respectively at RxCCLK frequency and 
TxCCLK frequency. Since RxCCLK and TxCCLK are 
plesiochronous, the order of conversion is deter- 
mined by an asynchronous logic. The output register 
RR1 and RR2 are respectively loaded on the nega- 
tive edge of RxCCLK and TxCCLk. 


TO CARRIER 
LEVEL DETECTOR 







Rx FILTER 
REQ  AGCI 


TO A/D 
CONVERTER 


| 


ANALOG GROUND 


FIGURE 3. Rx AMPLIFIERS SCHEMATIC 


ELECTRICAL SPECIFICATIONS 
The electrical specifications are given for operating temperature range (O°C, 70°C). 


MAXIMUM RATINGS 




































































Rating Symbol Value Unit 
Supply voltage between V* and AGNC or DGND —O3to+7 V 
+— 7 es + 
Supply voltage between V~ and AGND or DGND 4 —7to+03 V 
2. ie —SS— 
Voltage between AGND and DGND — 0.3 to+ 0.3 V 
Seek 4 af 
Digital input voltage DGND-—0.3 to V*+0.3 | V 
—{— —t— 
Digital output voltage DGND—0.3 to V*+0.3 all. Vv 
. . ae 
Digital output current — 20 to + 20 i. mA 
+—— | 
Analog input voltage L ! Vec —0.3 to V*+0.3 V 
Analog output voltage | Vcc 70.3 to V*+0.3 V 
Analog output current —10to+ 10 
Power dissipation | 500 mW 
Operating temperature Toper Oto + 70 Gs 
Storage temperate Mtg 64h to + THO ys? 





POWER SUPPLIES 
DGND AGND OV 





Characteristic 


Positive power supply 


Negative power supply 





Positive supply current (receive signal level O dBm) 

















Negative supply current (receive signal level O dBm) 





DIGITAL INTERFACE 
Control inputs 
Voltages referenced to DGND =O V 


Characteristic 








1 ow level input voltage 





High level input voltage 





Low level input current DGND <V,;<0.8V 

















High level input current 2.2V<V)< vt 








DATA BUS 
Voltages referenced to DGND OV 


Characteristic 





Low level input voltage 





High level input voltage 





Low level output voltage (lot = 2.5 mA) 








High level output voltage (Ig, = 2.5 mA) 














High impedance output current 
(when E is high and DGND < V, < V*) 
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ANALOG INTERFACE 
All voltages referenced to AGND =OV 


















Input resistance AGC1, AGC2 


| Input resistance CD1 
Output voltage RFO CL= 50 pF, RL= 1 kQ — 2.5 
L 






i 
Output resistance RFO 
Load resistance RFO 


Load capacitance RFO Fog | = | 


BUS TIMING CHARACTERISTICS 
(See foot notes 1 and 2 on timing diagrams) 





Characteristic 





Cycle tune 
Pulse width b low level 


Pulse width & high level 








Clock rise and fall time 


Control signal hold time 


Control signal set-up time 


Input data set-up time ( 
( 





Input data hold time ( 


6) 

7) 

8) 
Output data set-up time 9) 
(1 TTL load and CL= 50 pF) 


Output high impedance delay time 
(1 TTL load and CL= 50 pF) 








RECEPTION CHARACTERISTICS 
PERFORMANCE OF THE WHOLE RECEPTION CHAIN (input RAI or LEI, output RR1) 


Gain. 
(AGC gain = 0 dB, RxCCLK = 9600 Hz, V;,=775mVe¢¢,f = 2000 Hz) 





Total harmonic distortion 
(AGC gain = O dB, RxCCLK = 9600 Hz, Vin=775m Vere, f = 2000 Hz) 





Equivalent RMS noise 
(AGC gain Od, RAL CEL tbl ed to AGND) 








Note: Noise depends on AGC gain value. 


PERFORMANCE OF THE RECEPTION SUB-CHAIN (from RAI input to S/H2 input) 


Parameter 





Total distortion 
(RxCCLK = 9600 Hz, Viq = Ue Verp f = 2000 Hz) 
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WRITE OPERATION 


©, 


CS0-cS1 
RSO-RS1 


R/W F 3 


(10-D7 ( ) 


READ OPERATION 


my 





CSO-CS1 7 
RSO—RS1 p 
R/W 


po-D7 . 4 » 


Notes: 
1. Voltage levels shown are Vi; < 0.4 V, Viz > 2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.2 V, unless otherwise specified. 
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RECEIVE BAND-PASS FILTER AND REJECTION FILTER (input RAI, output RFO) 


Low-Pass filter (Fs=288kHz) 


Reference gain Greg 
(Vin = 775 MV ose, f = 1800 Hz) 


Relative gain to Grog ral . 

O Hz < f < 3000 Hz 

f = 3200 Hz 

f > 6250 Hz —_ s dB 
Group propagation delay time oe 
(f = 1800 Hz) 


Group propagation delay time distortion 
(600 Hz < f < 3000 Hz) 


High-Pass filter (Fs=72kHz) 


Reference gain 
(Vin = 775 MV eg, f 1800 Hz) 


Relative gain to Gig 
OHs: £2 3000 He 
f HOO Hs 
f LOO Hs 











(nouUp Propaqudtion Gebay tone 
(fT ROO Hy 


Group propagation delay tune distortion 
(600 Hz< f+ 3000 Hz) 





High-Pass filter and rejection filter (Fs =72kHz) 


Reference gain Gret 
(Vin = 775 MVog¢¢, f = 1800 Hz) 


Relative gain to Grog Gre! 
f = 100 Hz 

f = 370 Hz 

390 Hz < f << 450 Hz 

f = 470 Hz 

f = 900 Hz 


Group propagation delay time Tgp 75 
(f 1800 Hz) 

Group propagation delay time distortion Tgpd 1400 
(600 Hz -< f < 3000 Hz) 


Note: The measurement frequencies are integer sub-multiples of filters sampling frequencies. 
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RECONSTRUCTION FILTER 


Reconstruction filter (Fs 288kHz) 


Reference gain 
(Vin = 775 MV ogg, f = 2000 Hz) 








Relative gain toG 
O Hz < f < 2900 Hz 
f = 3100 Hz 

f > 6000 Hz 


Group propagation delay time 
(f = 1800 Hz) 











Group propagation delay time distortion (600 Hz < f < 3000 Hz) 


Reference gain 
(Vig = 775 mMVoes, f = 2000 Hz, RC3 = $A0) 








Noise on RFO 
(RAI, LEI, EEl tied to AGND 250 Hz < f < 3200 Hz) 





PERFORMANCE OF RESIDUAL SIGNAL CHANNEL AND A/D CONVERTER 
(input EEl, output RR2) 


Characteristic 





Input voltage (peak to peak) 








A/D converter resolution 








Analog increment 











Integral linearity error 











Differential linearity error 








Offset voltage 


Characteristic 








Relative gain to programmed gain 
0 dB <AGC < 24 dB 
25.5 dB < AGC < 46.5 dB 











Offset voltage 


Relative threshold to programmed gain 
0 dB < AGC < 24 dB 
25.5 dB < AGC < 46.5 dB 


Hysteresis 








Input offset voltage 
Ist threshold pair 
2nd threshold pair 
3rd threshold pair 














Detection delay time 
O MVor¢ to 775 mV 





{ transition 
or 775 MV ott toO Vott transition 


ef ef 
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GAIN (dB) 


GAIN (dB) 


GROUP DELAY (ms) 





10. 


—10. 


0. 
-.1 


£9 
53 
_4 
a i5 
—6 
a7 
-8 
-~9 


—1. 


Rx LOW-PASS FILTER TYPICAL RESPONSE AND LIMITS CHART (Fs =288kHz) 


FREQUENCY (kHz) 
0. 5. 10. 15. 20. 25. 





Rx LOW-PASS FILTER TYPICAL RESPONSE AND LIMITS CHART (Fs=288kHz) 


FREQUENCY (kHz) 
1. 2. 3. 4. 


Rx LOW-PASS FILTER TYPICAL GROUP DELAY TIME AND LIMITS CHART (Fs=288kHz) 


7-84 


GAIN (dB) 


GROUP DELAY {ms) 


FREQUENCY (kHz) 
0. .25 5 75 1, 





Rx HIGH-PASS FILTER TYPICAL RESPONSE AND LIMITS CHART (Fs ~72kHz) 


FREQUENCY (kHz) 


—.125 
—.25 


—.375 





Rx HIGH-PASS FILTER TYPICAL GROUP DELAY TIME AND LIMITS CHART (Fs=72kHz) 
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GAIN (dB) 


GROUP DELAY (ms) 


FREQUENCY (kHz) 





Rx BAND-PASS FILTER TYPICAL RESPONSE AND LIMITS CHART 
(HP: Fs=72kHz, LP. Fs=288kHz) 


FREQUENCY (kHz) 





Rx BAND-PASS FILTER TYPICAL GROUP DELAY TIME AND LIMITS CHART 
(HP: Fs=72kHz, LP: Fs=288kHz) 
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GAIN (dB) 


GAIN (dB) 


GROUP DELAY (ms) 


FREQUENCY (kHz) 
0. 1. 2. 3. 4. 


Rx BAND-PASS AND REJECTION FILTER TYPICAL RESPONSE AND LIMITS CHART 
(HP AND REJ. : Fs=72kHz, LP: Fs=288kHz) 


FREQUENCY (kHz) 


—20. 


—25. 


—30. 





TECOT TTT) 
-——: 


—35. 


Rx BAND-PASS AND REJECTION FILTER TYPICAL RESPONSE AND LIMITS CHART 
(HP AND REJ. :Fs=72kHz, LP: Fs=288kHz) 


FREQUENCY (kHz) 





Rx BAND-PASS AND REJECTION FILTER TYPICAL GROUP DELAY TIME AND LIMITS CHART 
(HP AND REJ. : Fs=72kHz, LP: Fs=288kHz) 
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GAIN (d8) 


GAIN (dB) 


GROUP DELAY (ms) 


FREQUENCY (kHz) 
0. .25 5 75 1. 





Rx HIGH-PASS AND REJECTION FILTER TYPICAL RESPONSE AND LIMITS CHART (Fs =72kHz 


FREQUENCY (kHz) 


0. 1. 2. 3. 4. 
5. 
0. 
—5. 
—10. 
-15. 
—20. 
—25. 
—30. 
—35. 


Rx BAND-PASS FILTER TYPICAL RESPONSE FOR V.22 MODE (LOW CHANNEL) 
(HP: Fs=72kHz, LP: fs = 144kHz) 


FREQUENCY (kHz) 





Rx BAND-PASS FILTER TYPICAL GROUP DELAY TIME FOR V.22 MODE (LOW CHANNEL) 
(HP: Fs=72kHz, LP: Fs=144kHz) 
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GAIN (dB) 


GROUP DELAY (ms) 


2 
—4 
—6 
-8 


—1.2 
—1.4 
—1.6 
—1.8 
—2. 


Rx BAND-PASS FILTER TYPICAL GROUP DELAY TIME FOR V.22 MODE (HIGH CHANNEL) 


FREQUENCY (kHz) 


0. 1, 2. 3. 


Rx BAND-PASS FILTER TYPICAL RESPONSE FOR V.22 MODE (HIGH CHANNEL) 
(HP AND REJ.: Fs=144kHz, LP: Fs=288kHz) 


FREQUENCY (kHz) 


0. 1. 2. 3. 


(HP AND REJ.: Fs=144kHz, LP: Fs=288kHz) 
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GAIN (dB) 


GAIN (dB) 


GROUP DELAY (ms) 





FREQUENCY (kHz) 


RECONSTRUCTION FILTER TYPICAL RESPONSE AND LIMITS CHART 


FREQUENCY (kHz) 


0. 5. 10. 15. 20. 


25. 





—.2 
-.3 
—.4 
—.5 
—6 


—8 


-9 


RECONSTRUCTION FILTER TYPICAL RESPONSE AND LIMITS CHARTS 


FREQUENCY (kHz) 


Q. 1. 2. 3. 


RECONSTRUCTION FILTER TYPICAL GROUP DELAY TIME AND LIMITS CHART 
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PHYSICAL DIMENSIONS 


CB-132 





ALSO AVAILABLE 
C SUFFIX 


CERDIP PACKAGE CERAMIC PACKAGE PLASTIC PACKAGE 












{t) Nominal dimension 





(2) True geometrical position 





















_s 
ASIE F 144 
cel DATA JEDEC SITELESC 


y 


CB- 132 
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THOMSON TS$68952 


COMPONENTS 
ol g MODEM TRANSMIT/RECEIVE CLOCK GENERATOR 


Oo. 


MOSTEK COMMUNICATIONS PRODUCTS 









[tw seer gr icon GATE 
CMOS 


The TS68952 generates all the clock frequencies needed to implement 
standard voice-grade MODEMS up to 19200 bps according to the CCITT 
V.22, V.26, V.27, V.29, V.32 and V.33 or BELL 212A, 208 and 209 recom- 
mendations. 


MODEM TRANSMIT/RECEIVE 
CLOCK GENERATOR 





It can be associated with the TS68950 and the TS68951 to give a 
MODEM Analog Front-End Chip Set. 


Main features: CASE CB-132 


Independent Tx and Rx clock generators with Digital Phase Locked 
Loops (DPLLs). 

Tx DPLL synchronization on external terminal clock or internal Rx clock. 
Four external clocks available (plesiochronous on Tx and Rx channels): 
bit rate clock, baud rate clock, sampling clock and multiplexing clock. 
Chip programming and control via a standard 8 bit bus. 


P SUFFIX 
PLASTIC PACKAGE 





ALSO AVAILABLE 
C SUFFIX 
CERAMIC PACKAGE 


BLOCK DIAGRAM 







J SUFFIX 
TERMINAL CLOCK CERDIP PACKAGE 
Tx SCLK 
ANALOG cr Agee ane pais | 
FRONT-END | PIN ASSIGNMENT 
Tx CLK Sp aaaprpeRaRiEeS eee ! 
Tx RCLK c+ 
Te CCLK ee “rn Hn | 
re MCLK DJ | 
| 
| | 
| ADORESS | 
REGISTER 
| ARC | 
01:07 | 
Ose 
| 
[ ee. | REGISTERS | 
RC}. [ ee. | RC7- RC8 | 
a: a Ree | 
Lees | | | RxCCLK 
RSO/AS! ee l 
ae ee EERE are : slide. daca 
x 
nw LK -—————— i Ee ae T BXMGHS 
Rx MCLK LJ 
1868930 \/ 5.76 MH TxMCLK 
OR _Ts6893) | . | o + 
| a i Vv 
XTAL2 XTAL1 £} 13 TxRCLK 
$ 
a ae -----—- -l XTAL2 [J 14 CLK 
OGNO V+ 
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CSO-CS1 
RSO-RS1 
TO 
TxSCLK 


DGND 
XTAL1 
XTAL2 
CLK 
TxRCLK 
vi 
TxMCLK 
RxMCLK 
RxRCLK 
RxCCLK 
RxCLK 
TxCLK 
TxCCLK 
D1-D4 





-PINDESCRIPTION 


. Description 


Data bus inputs to. internat registers ee 
Enable input. Data are strobed on the positive transitions of this input 


Read/Write: selection input. Internal registers can be written when R/W = 0. Reading mode is 
only used for Rx analog front-end chip | ' 


Chip. Select. inputs. ‘The chip set is selected when CSO = 0 and CS1 = 1 
Register Select inputs. Used to select address or’control registers 
Test Output. Must be left open 


‘Transmit Synchronizing Clock input. Normally tied to an external terminal clock. When this 


pin is tied to a permanent logical level, transmit DEEN Be: runs or canbe synchronized tothe 
receive clock system. 
Digital ground = OV. Alliigital signals are referenced to this pin 


Crystal oscillator or pulse generator input 


-Crystal oscillator output 


1.44 MHz Clock output. Useful for Tx and Rx analog front-end chips 


| Transmit baud Rate Clock output 


Positive power supply voltage = +5V+5% 
Transmit Multiplexing Clock output 

Receive Multiplexing Clock output 

Receive baud Rate Clock output 

Receive Conversion Clock output 

Receive bit rate Clock output 

Transmit bit rate Clock output 

Transmit Conversion Clock output 

Data bus inputs to internal registers (DO is not used) 


FUNCTIONAL DESCRIPTION 


The TS68952 is a purely digital circuit that synthesises 
all the frequencies requested to implement synchro- 
nous voice-grade MODEMs from 1200 bps to 19200 bps. 
It consists of two clock generators using Digital Phase 
Locked Loops (DPLLs). Frequency programming and 


DPLL updating can be obtained through four control 


registers accessed by indirect or cyclical addressing. 


This circuit is a part of a three chip Modem Analog 


Front-End that also includes the TS68950 transmitting 
analog interface and the TS68951 receiving analog 
interface. 


POWER-UP INITIAL CONDITIONS 


Following power-up, the eight transmit and receive 
clock outputs are.undefined and may deliver any fre- 
quencies. Control registers RC1 and RC2 must be prop- 
erly programmed to obtain the wanted operation. | 


INTERNAL 


2.88 MHz CLOCK 


DPLL OUTPUT 


a het ae a ee ed el 
a he EL Gel bee LT LL 


Sn een atta bn ee eel 


LEAD LAG 


- FIGURE 1 — DPLL LEAD AND LAG 
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CLOCK GENERATION 


Master clock is obtained from either a crystal tied 
between XTAL1 and XTAL2 pins or an external signal 
connected to the XTAL1 pin; in this case, the XTAL2 pin 
should be left open. Clock frequency nominal value is 
5.76 MHz, but 5.12 MHzand 5.40 MHz frequencies are 
also specified for particular applications. 

The different transmit (Tx) and receive (Rx) clocks are 
obtained by frequency division in several counters and 
output selection through digital multiplexers. They can 
be synchronized on external signal via two independent 
digital phase locked loops (DPLL). 


TRANSMIT DPLL 


As shown on figure 1, the TxDPLL operates by adding or 
subtracting pulses to a 2.88 MHz internal clock, with a 
reference frequency that is a submultiple of the pro- 
grammed “rate clock” frequency. This corresponds to 
phase leads or phase lags of about 350 ns duration, 
more precisely, two master clock periods. 

The Tx DPLL can be synchronized on an external termi- 
nal clock tied to TxSCLK pin or on the receive bit clock 
RxCLK internally generated from the RxDPLL. It can 
also free-run without any phase shift, when the TxSCLK 
input is tied to a fixed logical level. 


TRANSMIT CLOCKS 
The TS68952 delivers four synchronous Tx clocks: 


e a bit clock, TxCLK, whose frequency equals the bit 
rate of the MODEM, 

e@ a baud clock, TxRCLK, whose frequency equals the 
baud rate of the MODEM, 

@ aconversion clock, TxCCLK, that gives the sampling 
frequency of the Tx converter, 

@ amultiplexing clock, TxMCLK, usable when several 
terminals are multiplexed on a single physical link. 


The frequencies of these four clocks are programmable 
through RC1 and RC2 control registers. Their cyclical 
ratio is exactly 1 : 2, except for the 16.8 kHz frequency 
whose cyclical ratio is slightly modulated around 1 : 2, 
and their relative phase locking is ensured without user 
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intervention, by periodic reset of the counters. 


Immediate phasing of these clocks on the synchroniz- 
ing external TxSCLK or internal RxCLK clock can be 
obtained through bit 7 of RC8 register. The content of 
this register is automatically cleared after phasing 
completion. 


The TS68952 also delivers, on pin CLK, a 1.44 MHz 
clock that is synchronous with the Tx clock system and 
will be used as the main clock of the TS68950/51 
analog interface circuits. 


RECEIVE DPLL 


RxDPLL phase shifts are performed by addition and 
subtraction of pulses from an internal 1.44 MHz clock 
under the control of RC8 register. Two modes of 
operation are provided: 


@ a coarse phase lag whose amplitude has been 
loaded into RC7 register, can be controlled by one bit 
of RC8 register. This mode is useful for a fast syn- 
chronization of the RxDPLL. The phase lag is 
obtained by suppressing a variable number of pulses 
at the input of the counters, 

e@ afine phase shift with lead or lag amplitude equal to 
two master clock periods, can be controlled by two 
bits of RC8. This mode corresponds to normal opera- 
tion. The phase shifts are obtained by addition or 
suppression of pulses as indicated in figure 1. 


RC8 register is automatically cleared when the pro- 
grammed phase shift is completed. Simultaneous pro- 
gramming of Tx and Rx control bits of this register has to 
be avoided. 


RECEIVE CLOCKS 


The TS68952 delivers four Rx clocks with the same 
nominal frequency values as their Tx counterparts: 


a bit clock RxCLK, 

a baud clock RxRCLK, 

a conversion clock RxCCLK, 

a multiplexing clock RxMCLK. 


The Rx and Tx output clocks are plesiochronous. 


BIT CLOCK FREQUENCY PROGRAMMING (Tx AND Rx) 


RC1 REGISTER 
D7 O06 DS D4& D3 D2 OD! OUTPUT FREQUENCY (kHz) 
















na | no [we2 [ums [ona [una nn | Fa = 6.76 Me 

rofetefet | [| wz 

$5 Ee A Ke 

repo ta fot ft 

Coe ae Se Oe 

Co ON 

Poffo tt 

Hc AO 

peda te iat | | 
pete pe 

Co ie 

ape pet 

SC A 

ate pot fp 

SH ON A oe 

aoa fe 

Ac A 





Fg = crystal oscillator frequency 


RATE CLOCK FREQUENCY PROGRAMMING (Tx AND Rx) 


RC1 REGISTER 
D7 D6 DS D4 D3 D2 OD1 OUTPUT FREQUENCY (kHz) 


Fq = 5.76 MHz 


1.6** 
1.2 








Note: Phase shift frequency of Tx DPLL is 600 Hz except for (*) 1000 Hz and for (**) 
2000 Hz. 
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CONVERSION CLOCK FREQUENCY PROGRAMMING (Tx AND Rx) 


RC2 REGISTER 
D7 D6 DS D4 D3 D2 
HTHR 


OUTPUT FREQUENCY (kHz) 


D1 

papa font [sa |store | — [r= 8.70 mue [Fg = eo mE 
ee OT 
Se a ee a 
a 

a Ca 





MULTIPLEXING CLOCK FREQUENCY PROGRAMMING (Tx AND Rx) 


RC2 REGISTER 


D7 D6 DS D4 D3 D2 _ ODI! OUTPUT FREQUENCY (kHz) 


FQ = 5.76 MHz 


288 














1 


1 


Eee 
so 
es 
| 0 
coe 
ee 








Tx SYNCHRONIZATION SIGNAL PROGRAMMING 


RC2 REGISTER 
D7 D6 DS D4 D3 D2 ODI 





Note: 1 - TxDPLL free-runs if there is no transition on this input. 


Tx CLOCK GENERAL RESET 


RC8 REGISTER (notes 2,3) 
D7 O6 ODS D4 D3 D2 OD1 


hsm omen wr] — 
pt toto foto | | |Next negative-going transition on synchronization clock ___| 


Note: 2 - RC8 register is cleared after the programmed control operation is completed. 











RESETTING TRANSITION 






Note: 3 - INIT bit is only used for test purpose . 
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Rx CLOCK PHASE SHIFT PROGRAMMING 


RC8 REGISTER (note 2) 


ACTION ON Rx DPLL 


Phase lag of programmed amplitude 
Phase lag of two main clock periods 





Phase lead of two main clock periods 


Rx CLOCK PHASE SHIFT AMPLITUDE PROGRAMMING 


RC7 REGISTER 


D4 D3 D2 D1 PHASE SHIFT IN DEGREES 


D7 D6 D5 
: NUMBER OF MASTER CLOCK 
| | 15 


3 
4.5 

6 
7.5 

9 

12 

15 

18 

21 

24 

45 

90 


(*) 2400 bauds: multiply by two. 600 bauds: divide by two. 


i © © oe oe oe © Oe OO Oo OS OO ee) 


0 
0 
6) 
0 
O 
0 
0 
Oo | 
1 
1 
1 
1 
1 
1 
1 
1, 
0 
0 
0 
0 
0 
0 
) 
0 
1 
1 
1 
1 
1 
1 
1 
1 


==> +-0000+4+42+2-00007r.+ 2000022220000 
- Of 0r0+r 070 0frfr 0 fr0 20 207 070 72070702 0 
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DATA BUS CONTROL address is stored in the 3 bit ARC register. After each 
write operation to a control register, the ARC register 
value is automatically increased by one. This allows 
cyclical addressing of the eight registers of the MODEM 
chip set. 


Six signals control the access from the bus to the inter- 
nal registers according to the table and the timing dia- 
gram given below. Control registers are written using an 
indirect addressing mode where the internal 





BUS TIMING DIAGRAM 


R/W, CSO, CS1 
RSO, RS1 






DATA BUS 
D1:D7 


ENABLE E 


DATA STROBING 


DATA FORMAT 


DATA LOADED IN ARC 


D6 


D5 
ARC3 | ARC2 | ARC1 ADDRESSED REGISTER 
; 0 
| —- 
0 
1 
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MAXIMUM RATINGS 


-0.3V 
| Powerdissipation | | 800m 





+ 


7V 
7 












OPERATING RANGE 


Ambient temperature 


0 °C <tamb < + 70 °C +5.0V+5% OV 








ELECTRICAL OPERATING CHARACTERISTICS 


Unless otherwise noted, electrical characteristics are specified over the operating range. Typical values are given 
for V" = 5.0 V and tamp = 25 °C. 


CHARACTERISTIC SYMBOL CONDITIONS min. | typ. | max. | UNIT 












DGND < Vi S Vit max 
VIH min S$ VIS V" 






















eReSage ESE ) 

anenes oR 

Poend <Vievana | 8 
ee 


pig | Vismins iV 
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TIMING CHARACTERISTICS 


Data bus access 


[conor signals setupime | ieee] 655. cs1.nso.nsi Wok [40 | 
amen 
















CONTROL SIGNALS 2.2V 
CSO, CS1 
RSO, RS1 


R/W 


ENABLE SIGNAL 2.2V 
E 
0.8 V f 


DATA BUS 
D1:D?7 
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TIMING CHARACTERISTICS (continued) 


Clock wave forms 


Main clock period XTAL1 input | 150 | 173.6 | ons | 
Main clock low level width XTAL1 input | | ons | 
Main clock high level width XTAL1 input Lons | 







EseOe 

| 50_| 

[| Main clockrisetime [| tac | xTALYinput_ =| 

+ Mn ceca ee fA A of 
_10¢ 

{Tc aes 





Clock output delay time All clock outputs CL = 50 pF 


Clock output transition time | ttc | All clock outputs CL = 50 pF 





PC 
cen cat 
'WCH TWCL 
MAIN CLOCK | 3.5V | 
INPUT 
XTAL 1 
1.5 V 
t 
tre tFC zhe 
92 
CLOCK OUTPUTS 
(9 CLOCKS) 
0.8 V 
tTC 
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TYPICAL APPLICATION 





Tx ANALOG INTERFACE [410 







TS68950 















DSP 
Rx ANALOG INTERFACE =s 
Tx AND Rx 
CLOCKS TS68951 i i f ZLINE 
TS68930 y, 
or TS68931 














CLOCK GENERATORT: CLOCKS | Cpt... AGC2 “AGC REO 


RAI 
TERMINAL CLOCK O | LINE 
T i; V Y, 
land 


MODEM ANALOG FRONT-END CHIP SET 


NOTE: gly Digital ground 


db Analog ground 
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PHYSICAL DIMENSIONS 


CB-132 





ALSO AVAILABLE 
C SUFFIX P SUFFIX J SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE CERDIP PACKAGE 









(1) Nominal dimension 
(2) True geometrical position 









2 8 pins 


me \/ 
ASIE F 144 CB- 132 
Cel DATA. JEDEC SITELESC 
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CHAPTER 8 - DATA COMMUNICATIONS ICs 





THOMSON  MIK68590 (P.N) 
















| NR CONTROLLER FOR ETHERNET | 


MOSTEK 






COMMUNICATIONS PRODUCTS _ 


FEATURES 





[] 100% compatible with Ethernet and IEEE 802.3 
specifications 


Data packets moved by block transfers over a 
processor bus (on-board DMA controller 24-bit linear 
address space) 


Buffer management 


Packet framing 














Preamble and Cyclic Redundancy Check (CRC) 
insertion 


Preamble stripping and CRC verification 





General 16-bit microprocessor bus interface com- 
patible with popular processors (68000, 8086, 
Z8000, LSI-11) 


Cable fault detection 





Figure 1. MK68590 
[_|Multicast logical address filtration 








[] Collision handling and retry 








Scaled N-channel MOS VLSI technology 


(| 48-pin DIP 





| Single 5-volt power supply 


AN OA FWD A 





Single phase TTL level clock 








_] All inputs and outputs TTL compatible DALI MK68590 





Completely compatible with companion Serial Inter- 
face Adapter (SIA) chip MK68591/2. 


DESCRIPTION 


The MK68590-LANCE™ (Local Area Network Con- 
troller for Ethernet) is a 48-pin VLSI device that simpli- 
fies the interfacing of a microcomputer or a 
minicomputer to an Ethernet Local Area Network. This 
chip operates in a local environment that includes a 
closely coupled memory and microprocessor. The 
LANCE uses scaled N-channel MOS technology and 


is compatible with several microprocessors. Figure 2. LANCE Pin Assignment 


LANCE is a trademark of Thomson Components - Mostek Corporation. 





PIN DESCRIPTION 


DALOO- DAL15 

(Data/Address Bus) | 

Input/Output Three State. The time multiplexed Ad- 
dress/Data bus. These lines will be driven as a bus 
master and as a bus slave. 


READ 

Input/Output Three State. Indicates the type of opera- 
tion to be performed in the current bus cycle. When it 
is a bus master, LANCE drives this signal. 


LANCE as bus slave: | 
High - The chip places data on the DAL lines. 
Low - The chip takes data off the DAL lines. 
LANCE as bus master: 
High - The chip takes data off the DAL lines. 
Low - The chip places data on the DAL lines. 


INTR 

(Interrupt) | 

Output Open Drain. When. enabled, an attention sig- 
nal that indicates the occurrence of one or more of the 
following events: a message reception or transmission 
has completed or an error has occurred during the 
transaction; the initialization procedure has completed; 
or a memory error has been encountered. Setting INEA 
in CSRO (bit 06) enables INTR. 





- DALI 

(Data/Address Line In) 

Output Three State. An external bus transceiver con- 
trol line. When LANCE is a bus master and reads from 
the DAL lines, DALI is asserted during the data portion 
of the transfer. 


DALO 

(Data/Address Line Out) 

Output Three State. An external bus transceiver con- 
trol line. When LANCE is a bus master and drives the 
DAL lines, DALO is asserted during the address por- 
tion of a read transfer or for the duration of a write 
transfer. 





DAS 

(Data/Strobe) 
‘Input/Output Three State. Defines the data portion of 
the bus transaction. DAS is driven only as a bus master. 


BMO, BM1 or BYTE, BUSAKO 

(Byte Mask) 

Output Three State. Pins 15 and 16 are programmable 
through bit (00) of CSR3 (known as BCON). Asserting 
RESET clears CSR3. 





f BCON = 0 
PIN 16 = ai 1 (Output Three State) 
PIN 15 = BMO (Output Three State) 


Ts BMO, BM1 Byte Mask. Indicates the byte(s) of a bus 
transaction to be read or written. The BM lines are 


ignored as a bus slave and assume word transfers only. 


_. The LANCE drives the BM lines only when it is a bus" 


master. fe Byls selection occurs as follows: 


BMO 


Whole Word 

Byte of DAL 08 - DAL 15 
Byte of DAL 00 - DAL 07 
None 


Low 
High 
Low 
High 


lf BCON = 
PIN 16 
PIN 15 


BUSAKO (Output) 
BYTE (Output Three State) 


BYTE. An alternate byte selection line. Byte selection 
occurs when the BYTE and DAL (00) lines are latched 
during the address portion of the bus transaction. 
BYTE, BMO and BM1 are ignored when LANCE is a bus 
slave. There are two modes of ordering bytes depend- 
ing on bit (02) of CSR3, (known as BSWP). This 
programmable ordering of upper and lower bytes when 
using BYTE and DAL (00) as selection signals is re- 
quired to make the ordering compatible with various 
16-bit microprocessors. 


BSWP = 0 BSWP = 
BYTE DAL(00) BYTE DAL(00) 
Low Low Low Low Whole Word 
Low High Low High Illegal Condition 
High High High Low Upper Byte 
High Low High High Lower Byte 


BUSAKO. The DMA daisy chain output. 


HOLD/BUSRQ 

(Bus Hold Request) 

Input/Output Open Drain. LANCE asserts this signal 
when it requires access to memory. HOLD is held low 
for the entire bus transaction. This bit is programma- 
ble through bit (00) of CSR3 (known as BCON). In the 
daisy chain DMA mode (BCON = 1) BUSRQ is assert- 
ed only if BUSRQ is inactive prior to assertion. Bit (00) 
of CSR3 is cleared when RESET is asserted. 














CSR3(00) BCON = 
PIN 17 = HOLD (Output Open Drain) 
CSR3(00) BCON = 
PIN 17 = BUSRQ (Output Open Drain) 
BUSRQ will be asserted only if PIN 17 is high prior 
to assertion. 





ALE/AS 

(Address Latch Enable) 

Output Three State. Used to demultiplex the DAL lines 
and define the address portion of the bus cycle. This 


pin is programmable through bit (01) of CSR3. As ALE, 
the signal transitions from high to low at the end of the 
address portion of the bus the address portion of the 
bus transaction and remains low during the entire data 
portion of the transaction. As AS, the signal transitions 
from low to high at the end of the address portion of 
the bus transaction and remains high throughout the 
entire data portion of the transaction. The LANCE drives 
the ALE/AS line only as a bus master. 


CSR3(01) ACON = 0 


PIN 31 = ALE 
CSR3(01) ACON = 1 
PIN 31 = AS 

HLDA 


(Bus Hold Acknowledge) 

Input. A response to HOLD indicating that the LANCE 
is the Bus Master. HLDA stops its response when HOLD 
ends its assertion. 


cS 

(Chip Select) 

Input. When asserted, CS indicates LANCE is the slave 
device of the data transfer. CS must be valid throughout 
the data portion of the bus cycle. 


ADR 

(Register Address Port Select) 

Input. When CS is asserted, ADR indicates which of the 
two register ports is selected. ADR must be valid 
throughout the data portion of the bus cycle. 














ADR PORT 

Low Register Data Port 
High Register Address Port 
READY 


Input/Output Open Drain. When the LANCE is a bus 
master, READY is an asynchronous acknowledgement 
from external memory that will complete the data trans- 
fer. As a bus slave, the chip asserts READY when it has 
put data on the bus, or is about to take data off the bus. 
READY is a response to DAS. READY negates after 
DAS negates. Note: If DAS or CS deassert prior to the 
assertion of READY, READY cannot assert. 




















RESET 
Input. Bus reset signal. Causes LANCE to cease oper- 
ation and to enter an idle state. 


TLCK 

(Transmit Clock) 

Input. Normally a free-running 10 MHz clock (crystal- 
controlled within 0.01% accuracy). 


TENA 

(Transmit Enable) 

Output. Transmit Output Stream Enable. A level 
asserted with the transmit output bit stream, TX, to ena- 
ble the external transmit logic. 


RCLK 

(Receive Clock) 

Input. Normally a 10 MHz square wave synchronized 
to the receive data and present only while receiving an 
input bit stream. 


CLSN 

(Collision) 

Input. A logical input that indicates that a collision is 
occurring on the channel. 


TX 
(Transmit) 
Output. Transmit output bit stream. 


RENA 

(Receive Enable) 

Input. A logical input that indicates the presence of data 
on the channel. 


RX 
(Receive) 
Input. Receive input bit stream. 


A16-A23 

(High-Order Address Bus) 

Output Three State. The additional address bits neces- 
sary to extend the DAL lines to produce a 24-bit ad- 
dress. These lines will be driven only as a bus master. 


vcc 
Power supply pin. +5 VDC +5 percent. 


VSS 
Ground. 0 VDC. 


FUNCTIONAL CAPABILITIES 


The LANCE interfaces to a microprocessor bus charac- 
terized by time-multiplexed address and data lines. Typi- 
cally, data transfers are 16 bits wide but byte transfers 
occur if the buffer memory address boundaries are odd. 
The address bus is 24 bits wide. 


The Ethernet packet format consists of 64-bit pream- 
ble, a 48-bit destination address, a 48-bit source ad- 
dress, a 16-bit type field, and from a 46 to 1500 byte 
data field terminated with a 32-bit CRC. The packets’ 
variable widths accommodate both short-status com- 
mand and terminal traffic packets and long data pack- 
ets to printers and disks (1024-byte disk sectors, for 
example). Packets are spaced a minimum of 9.6 psec 
apart to allow one node enough time to receive back- 
to-back packets. 


The LANCE operates in a minimal configuration that 
requires close coupling between local memory and a 
processor. The local memory provides packet buffering 


for the chip and serves as a communication link be- only during this initial phase. All further communications 


tween chip and processor. During initialization, the con- are handled via a Direct Memory Access (DMA) 
trol processor loads the starting address of the machine under microword control contained within 
initialization block plus the operating mode of the chip LANCE. Figure 3 shows a block diagram of the LANCE 
via two ports that can access four control registers into and SIA device used to create an Ethernet interface for 


LANCE. The host processor talks directly to LANCE a computer system. 






Cc 
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R 18086 
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16-DATA 
ETHERNET INTERFACE : 
ADAPTER 
24-ADDRESS (LANCE) (SIA) 
TRANSCIEVER 
CABLE 


ETHERNET 
NETWORK 
CABLE 


LOCAL 
MEMORY 


NETWORK INTERFACE MODULE 





Figure 3. Ethernet Local Area Network System Block Diagram 
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FUNCTIONAL DESCRIPTION 
SERIAL DATA HANDLING 


LANCE provides the Ethernet interface as follows. In 
the transmit mode (since there is only one transmission 
path, Ethernet is a half duplex system), the LANCE 
reads data from a transmit buffer by using DMA and 
appends the preamble, sync pattern (two ones after al- 
ternating ones and zeros in the preamble), and calcu- 
lates and appends the complement of the 32-bit CRC. 
In the receive mode, the destination address, source 
address, type, data, and CRC fields are transferred to 
memory via DMA cycles. The CRC is calculated as data 
and transmitted CRC is received. At the end of the pack- 
et, if this calculated CRC does not agree with a 
constant, an error bit is set in RDM1 of the receiver 
descriptor ring. In the receive mode, LANCE accepts 
packets under four modes of operation. The first mode 
is a full comparison of the 48-bit destination address 
in the packet with the node address that was 
programmed into the LANCE during an initialization cy- 
cle. There are two types of logical addresses. One is 
a group type mask where the 48-bit address in the pack- 
et is put through a hash filter in order to map the 48-bit 
physical addresses into 1 of 64 logical groups. This 
mode can be useful if simultaneously sending packets 
to all of one type of a device on the network. (i.e., send 
a packet to all file servers or ail printer servers). The 
second logical address is a multicast address where 
all nodes on the network receive the packet. The last 
receive mode of operation is the so called “promiscu- 
ous mode”’ in which a node will accept all packets on 
the cable regardless of their destination address. 


COLLISION DETECTION AND IMPLEMENTATION 


The Ethernet CSMA/CD network access algorithm is 
implemented completely within LANCE. In addition to 
listening for a clear network cable before transmitting, 
Ethernet handles collisions in a predetermined way. 
Should two transmitters attempt to seize the network 
cable at the same time, they will collide, and the data 
on the network cable will be garbled. LANCE is con- 
stantly monitoring the Collision (CLSN) pin. This sig- 
nal is generated by the transceiver when the signal level 
on the network cable indicates the presence of signals 
from two or more transmitters. If LANCE is transmitting 
when CLSN is asserted, it will continue to transmit the 
preamble (collisions normally occur while the pream- 
ble is being transmitted), then will “jam” the network 
for 32 bit times (3.2 microseconds). This jamming en- 
sures that all nodes have enough time to detect the col- 
lision. The transmitting nodes then delay a random 
amount of time according to the “truncated binary back- 
off’ algorithm defined in the Ethernet specification to 
minimize the probability of the colliding nodes having 
multiple collisions with each other. After 16 abortive at- 
tempts to transmit a packet, LANCE will report a RTRY 
error due to excessive collisions and step over the trans- 
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mitter buffer. During reception, the detection of a colli- 
sion causes that reception to be aborted. Depending 
on when the collision occurred, LANCE will treat this 
packet as an error packet if the packet has an address 
mismatch, as a runt packet (a packet that has less than 
64 bytes), or as a legal length packet with a CRC error. 


Fatal error reporting is provided by LANCE through a 
microprocessor interrupt and error flags in CSRO. 
Significant error conditions are late collision on received 
data, transmitter on longer than 1518 bytes, missed 
packet, and memory error (in which the memory did not 
respond, READY did not assert, to a memory cycle 
request). 


Additional errors are reported through bits in the 
descriptor rings (on a buffer by buffer basis). Receive 
error conditions include framing, CRC and buffer errors, 
and overflow. Transmit descriptor rings have error bits 
indicating buffer, underflow, late collision, and loss of 
carrier. Additionally, transmit descriptor rings have a bit 
indicating that the transmitter has unsuccessfully tried 
to transmit over a busy communication link. 


Transmit descriptor rings also have nine bits reserved 
for a Time Domain Reflectometry counter (TDR). On the 
occurrance of a collision, the value in the TDR will give 
the number of system clocks until the collision, which 
can be used to determine the distance to the fault. 


BUFFER MANAGEMENT 


A key feature of the LANCE and its DMA channel is the 
flexibility and speed of communication between the 
LANCE and the host microprocessor through common 
memory locations. The basic organization of the buffer 
management is a circular queue of tasks in memory 
called descriptor rings, as shown in Figure 4. These 
rings control both transmit and receive operations. Up 
to 128 tasks may be queued on a descriptor ring for ex- 
ecution by the LANCE. Each entry in a descriptor ring 
holds a pointer to a data memory buffer and an entry 
for the data buffer length. Data buffers can be chained 
or cascaded to handle a long packet in multiple data 
buffer areas. The LANCE searches the descriptor rings 
to determine the next empty buffer. This enables it to 
chain buffers together or to handle back-to-back pack- 
ets. As each buffer is filled, an ‘‘own’”’ bit is reset, sig- 
naling the host processor to empty this buffer. 


MICROPROCESSOR INTERFACE 


The parallel interface of LANCE has been designed to 
be “friendly”, or easy to interface, to many popular 16-bit 
microprocessors. These microprocessors include the 
MK68000, Z8000, 8086, LSI-11, T-11, and MK68200 (the 
MK68200 is a 16-bit single chip microcomputer 
produced by Mostek, the architecture of which is mo- 
deled after the MK68000). LANCE has a wide 24-bit 
linear address space when in the Buster Master Mode, 


allowing it to DMA the entire address space of the above 
microprocessors. LANCE uses no segmentation or 
paging methods. As such, LANCE addressing is closest 
to MK68000 addressing, but is compatible with the 
other microprocessors. When LANCE is a bus master, 
a programmable mode of operation allows byte 
addressing, either by employing a Byte/Word control 
signal (much like that used on the 8086 or the Z8000) 
or by using an Upper Data Strobe/Lower Data Strobe 
much like that used on the MK68000, LSI-11 and 
MK68200 microprocessors. A programmable polarity on 
the Address Strobe signal eliminates the need for 
external logic. LANCE interfaces with multiplexed and 


LANCE CSR REGISTERS 


POINTER TO INITIALIZATION 
BLOCK 


> 


o 


\\\ 
\\ 


AAAI AVA 


INITIALIZATION 
BLOCK 


MODE OF OPERATION 
PHYSICAL ADDRESS 
LOGICAL ADDRESS FILTER. _ 


PU 


POINTER TO RECEIVE RINGS 
NUMBER OF RECEIVE ENTRIES 


POINTER TO TRANSMIT RINGS 


NUMBER OF TRANSMIT ENTRIES 


AN 


OOM 


RECEIVE DESCRIPTOR RINGS 


ADDRESS OF RECEIVE BUFFER O 


UFFER OSTATUS 


AN) 


ADDRESS OF TRANSMIT BUFFERS 0 
UFFER 0 STATUS 


UFFER 0 BYTE COUNT 


e 


demultiplexed data busses and features control signals 
for address/data bus transceivers. 


After the initialization routine, packet reception or trans- 
mission, transmitter timeout error, a missed packet, or 
memory error, LANCE generates an interrupt to the host 
microprocessor. 


The cause of the interrupt is ascertained by reading 
CSRO. Bit (06) of CSRO, INEA, enables or disables 
interrupts to the microprocessor. In a polling mode, BIT 
(07) of CSRO is sampled to determine when an inter- 
rupt causing condition occurred. 


RECEIVE BUFFER 


DATA 
PACKET 0 


BUFFER 0 BYTE COUNT DATA 


PACKET 


DATA 
PACKET 


_ TRANSMIT DESCRIPTOR RINGS 


TRANSMIT BUFFER 


DATA 
PACKET 0 


DATA 
PACKET 
: 1 


DATA 
PACKET 


Figure 4. LANCE Memory Management 


LANCE INTERFACE DESCRIPTION 





ALE, DAS and READY time all data transfers from the 
LANCE in the Bus Master mode. The automatic adjust- 
ment of the LANCE cycle by the READY signal allows 
synchronization with variable cycle time memory due 
either to memory refresh or to dual port access. Bus 
cycles are a minimum of 600 ns long and can be 
increased in 100 ns increments. 





READ SEQUENCE 


At the beginning of a read cycle, valid addresses are 
placed on DALOO-DAL15 and A16-A21. The BYTE Mask 
signals (BMO and BM1) become valid at the beginning 
of this cycle as does READ, indicating the type of cy- 
cle. The trailing edge of ALE or AS strobes the 
addresses AO-Ai5 into the external latches. Approxi- 
mately 100 ns later, DALOO-DAL15 go into a three state 
mode. There is a 50 ns delay to allow for transceiver 
turnaround, then DAS fails low to signal the beginning 
of the data portion of the cycle. At this point in the cy- 
cle, the LANCE stalls waiting for the memory device to 
assert READY. Upon assertion of READY, DAS makes 
a transition from a zero to a one, latching memory data. 
(DAS is low for a minimum of 200 ns). 








The bus transceiver controls, DALI and DALO, control 
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the bus transceivers. DALI signals to strobe data toward 
the LANCE and DALO signals to strobe data or addres- 
ses away from the LANCE. During a read cycle, DALO 
goes inactive before DALI goes active to avoid “spiking” 
of bus transceivers. 





WRITE SEQUENCE 


The write cycle begins exactly like a read cycle with the 
READ line remaining inactive. After ALE or AS pulse, 
the DALOO-DAL15 change from addresses to data. DAS 
goes active when the DALOO-DAL15 are stable. This 
data remains valid on the bus until the memory device 
asserts READY. At this point, DAS goes inactive, 
latching data into the memory device. Data is held for 
75 ns after the negation of DAS. 





LANCE INTERFACE DESCRIPTION — BUS SLAVE 
MODE 


The LANCE enters the Bus Slave Mode whenever CS 
becomes active. This mode must be entered whenever 
writing or reading the four status control registers 
(CSRO, CSR1, CSR2, and CSR3) and the register ad- 
dress pointer (RAP). RAP and CSRO may be read or 
written to at any time, but the LANCE must be stopped 
(CSRO bit 02) when CSR1, CSR2, or CSR3 is to be writ- 
ten to or read. 


MK68590 ELECTRICAL SPECIFICATION 


ABSOLUTE MAXIMUM RATINGS 


Temperature: Under ‘Bias: gcc. 73260 eye ewb vase ehh ee eeteded oe Paw CERRY we ORS —25°C to +125°C 
SIOlade: “Temper aturecs ces ewe Se AN ae ete MAE ae GRE FE CE EWE RS —65°C to +150°C 
Voltage on Any Pin with Respect to Ground.......... 2.0.0.0... cc eee -—0.3 V to +7 V 
FOWer (DISSIDANON 6 46 4 sce ee ae oe hE WA Or RR hs OEE ES SE Ae OS BR 2.0 W 


Stresses above those listed under “Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only and functional! operation 
of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


DC CHARACTERISTICS 
Ty, =0°C to 70°C, Veg = +5 V +5 percent unless otherwise specified. 








SYMBOL | PARAMETER MIN MAX | UNITS 
+08 V 
Veo +05! V 


\Yo | @ Io, = 3.2 mA | +05 Le 
ah 




















@ |oy = —0.4 mA +2.4 











CAPACITANCE 
F=1 MHz 





SYMBOL | PARAMETER 






































AC TIMING SPECIFICATIONS 
Ty = 0°C to 70°C, Vog = +5 V +5 percent, unless otherwise specified. 








eisai. TEST TYP | MAX 
NO.| SIGNAL | SYMBOL] PARAMETER CONDITIONS | (ns) | (ns) | (ns) 


TCLK |Troq _ | Rise time of TCLK | 0 a | 
TCLK | Trop | Fall time of TCLK of 8 | 


TENA TrEp TENA propagation delay after the 95 
rising edge of TCLK 
TENA Trey 




















TENA hold time after the rising edge 5 
of TCLK 
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AC TIMING SPECIFICATIONS (Continued) 
Ty, = 0°C to 70°C, Vog = +5 V +5 percent, unless otherwise specified. 



























































Terps 
(See Note)| the rising edge of RCLK) | Note 
19 | RENA RENA low time 120 





| TEST MIN | TYP | MAX 
NO. | SIGNAL | SYMBOL | PARAMETER CONDITIONS (ns) (ns) (ns) 
pass fe r 4 + I aes bee 
8 | TX T+pp TX data propagation delay after the CL=50' pi 95 
rising edge of TCLK 
rae | . 7a a - 
9 | TX TtpH TX data hold time after the rising CL=50 pf S) 
edge of TCLK 
|} | | ! + =| ie 4+} 
10 | RCLK Tract RCLK period 85 118 
L i — + 
11. | RCLK |Taoy | RCLK high time L 38 | 
| 4 | = | + ee 
12 | RCLK | Tac, _| RCLK low time iz 38 
113 |RCLK |Top | Rise time of RCLK oe 
[ et ie 7 + pment = 
14] RCLK | Trace _ | Fall time of RCLK 0 8 
ecm | eee Ba 4 ~ 
15 | RX Tapa RX data rise time 0 8 
4 = 7 a 
16 | RX Tape | RX data fall time | 0 8 
| - + +t tet |. — =] 
17 | RX Tapy | RX data hold time (RCLK to RX 5 
data change) 
|} — esi | i —|— | a i 
18 | RX RX data setup time (RX data stable to See 







































































of DAS (bus master read) 








NOTE: Taps (min) = Tract — 25 ns. Therefore, TRcr = 100 ns when Tans (min) = 75 ns. 
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TppL | | | 
20 | RENA TRENH RENA hold time after 40 
rising edge of RCLR 
21 | CLSN Topy CLSN high time 80 
22 | AIDAL | Tporr Bus master driver disable after rising 0 50 
LL | edge of HOLD 
f cae eae aaa i 
23 | AIDAL | Tpon Bus master driver enable after falling 0 150 
edge of HLDA 
we os he : Shh i= | = 
24 | HLDA TuHA Delay to falling edge of HLDA from 0 
falling edge of HOLD (bus master) | 
t +— $— + 4 
25 | RESET | Taw RESET pulse width low | 200 |! 
26 | A/DAL T | Readiwrite, address/data cycle time | 600 r 
a ca je ONES a = _| 
27 | A Tyas Address setup time to the falling edge of | 76 
ALE 
i de |. _| Sy site 
28 | A TY AH Address hold time after the rising edge 35 
Ba | a) a 
| 29 | DAL W Tas Address setup time to the falling edge 75 7 [ 
of ALE 
L- aa) 
30 | DAL Tay Address hold time after the falling 35 
edge of ALE L | 
31 DAL Tapas Data setup time to the rising edge ft 50 





AC TIMING SPECIFICATIONS (Continued) 
Ty = 0° to 70°C, Veg = +5 V +5 percent, unless otherwise specified. 











TEST MI 
SIGNAL | SYMBOL | PARAMETER CONDITIONS | (ns) 


DAL 


= 


TYP | MAX 
(ns) (ns) 
32 Data hold time after the rising edge of Ef 


TRDAH t 
DAS (bus master read) 


AL Data setup time to the falling edge 


Tppas la St 
of DAS (bus master write) 


— 
v 


0 
> 
— 


Twos Data setup time to the rising edge 
of DAS (bus master write) 


Data hold time after the rising edge 


TwoH tan 
of DAS (bus master write) 


Data driver delay after the falling edge 
of DAS (bus slave read) 


Tspo1 (CSR 0,3, RAP) 


AL Data driver delay after the falling edge 


of DAS (bus slave read) 


Tangs (CSR 1,2) 


AL Data hold time after the rising edge 


of DAS (bus slave read) 


Towpy Data hold time after the rising edge 
of DAS (bus slave write) 


TsrbH 


Tswps_—‘| Data setup time to the falling edge 
of DAS (bus slave write) 


on 


>| > Oo O O O O O 
~ | > > > > 
mim [ [— oa rT 








— 
f 
oO io) 





oi po & as > > >; pip - io) oe) Ww io) \e) oO o>) 
oO © © N Oo ol | ®@ mp] oO fo) (ee) N Oo) oa - ié) 















Taew | ALE width high 120 
TpALE Delay from rising edge of DAS to 70 
the rising edge of ALE 
DAS | Tpsw ___| DAS width low Pal 
DAS Tapas Delay from the falling edge of ALE to the 130 
falling edge of DAS 
DAS TRipF Delay from the rising edge of DALO to the 15 
falling edge of DAS (bus master read) 
DAS Trpys Delay from the falling edge of READY Taryd= 75 250 
to the rising edge of DAS 300 ns 
DALI Troir Delay from the rising edge of DALO to 15 
the falling edge of DALI (bus master read) 
DALI Tris DALI setup time to the rising edge 135 
of DAS (bus master read) 
DALI DAL! hold time after the rising edge 
of DAS (bus master read) 
DALI TRIoF Delay from the rising edge of DALI to the 55 
falling edge of DALO (bus master read) 
51 | DALO Tos DALO setup time to the falling edge 110 
of ALE (bus master read) 
52 | DALO TROH DALO hold time after the falling edge 35 
of ALE (bus master read) 
53 Twos! Delay from the rising edge of DAS to the 35 
rising edge of DALO (bus master write) 
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AC TIMING SPECIFICATIONS (Continued) 
Ty = 0° to 70°C, Vog = +5 V +5 percent, unless otherwise specified. 

















per nentntn yarns 
































TEST 























NO. | SIGNAL |SYMBOL | PARAMETER CONDITIONS (ns) | (ns) | (ns) 
CS hold time after the rising edge of DAS 0 
(Bus slave) a 
55 | CS Toss CS setup time to the falling edge of DAS 0 
(Bus slave) 
56 | ADR Tsay ADR hold time after the rising edge of 0 
DAS (Bus siave) en: Cee Seen, ee: 
57 | ADR Tsas ADR setup time to the falling edge of 0 
DAS (Bus slave) 
58 | READY | Tapyp Delay from the falling edge of ALE 80 
to the falling edge of READY to insure a 
minimum bus cycle time (600 ns) 
59 | READY | Tsaps_ | Data setup time to the falling edge of 75 
READY (Bus slave read) 
60 | READY | Trpyy READY hold time after the rising edge 0 
of DAS (Bus master) 
61 | READY | Toro; READY driver turn on after the falling (CSR 0,3, RAP) 600 
edge of DAS (Bus slave) 
62 | READY | Tsrop READY driver turn on after the falling (CSR 1,2) 1400 
edge of DAS (Bus slave) 
a Sees Pe ae ee eee OR) SEO Py ee RT Te ~ ee ee Tg ye wn sess -] 
63 | READY | Tsayy READY hold time after the rising 0 35 
edge of DAS (Bus slave) 
64 READ |Toay | READ hold time after the rising | 0 
edge of DAS (Bus slave) 
a | 
65 | READ Tsrs READ setup time to the falling 0 
edge of DAS (Bus slave) 7 
FEN eRe Seed Rare es See cee 
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TEST Vv 
POINT oe 






R, = 1.2K 
CR,-CR, 1N914 OR EQUIVALENT 


FROM OUTPUT 


UNDER TEST C, = 100pf min @ 1 MHz 


NOTE: This load is used on DALOO through DAL15, READ, DALI, DALO, DAS, BMO, BM1, ALE/AS, A16 through A23, TENA, and TX. 


Figure 5. Output Load Diagram 


Voc 
R, = 1.4K 
FROM OUTPUT 
UNDER TEST 


CL 


NOTE: This load is used on open drain outputs INTR, HOLD/BUSRQ, and READY. 


Figure 6. Open Drain Output Load Diagram. 
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TENA 


— 6 7 vqe “OQ” 
OUTPUT 2.0V 0.8V 
INPUT 2.0V 0.8V 
FLOAT Vv O5V 


NOTE: Timing measurements are made at the following voltages unless otherwise specified. 


Figure 7. Serial Link Timing Diagram - SIA interface Signals 
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0 100 200 300 400 500 600 
| | | | 


ns 


HOLD 
HLDA 


A 16.23 , ADDRESS 


ALE 


2) 
> 
a 














READY 











30 
| 
vane VIX. 220888 KP aD 
| | 


51 34-—-—— 





53 


DALO 
(WRITE) 


DALI 
(WRITE) 


READ 
(WRITE) 











DAL 0-15 
(READ) 


DALO 
(READ) 


DATI 
(READ) 





READ 
(READ) » 


BM 0,1 


NOTE: The Bus Master cycle time will increase from 
a minimum of 600 ns in 100 ns steps until 
the slave device returns READY. 





Figure 8. LANCE Bus Master Timing Diagram 
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cs 
——} 56 
ADR 
= ee ns 
fag a tig: Salvage et be— 63 
READY 
mid 65 je — +——_-—- 59 —wl 64 
READ 
(READ) 
bg 96) 37 ag 38 |< 
DALO-15 // 
DATA OUT 
wesor ////) WU), piaee 
65 }~<?—— 
—>| 64 ~«— 
READ 
(WRITE} 
| 









DALO-15 
(WRITE) 


Figure 9. LANCE Bus Slave Timing Diagram 
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THOMSON 


COMPONENTS 


aA 


MOSTEK 













FEATURES 


[| Compatible with Ethernet and IEEE-802.3 
Specifications 


[| Crystal-controlled Manchester Encoder/Decoder 





[(] Manchester Decoder acquires clock and data 
within six-bit times with an accuracy of +3 ns. 





(] Guaranteed carrier and collision detection squelch 
threshold limits 
— Carrier/collision detected for inputs more 
negative than —275 mV 
— No carrier/collision for inputs more positive 
than —175 mV 


LJ Input signal conditioning rejects transient noise 
— Transients <10 ns for collision detector 
inputs 
— Transients <20 ns for carrier detector 
inputs 


[| Receiver decodes Manchester data with up to +20 
ns clock jitter (at 10 MHz) 


TTL-compatible host interface 











"| Transmit oscillator accuracy +0.01% (without 
adjustments) 


GENERAL DESCRIPTION 


The MK68591/2 Serial Interface Adapter (SIA) is a 
Manchester Encoder/Decoder compatible with Ether- 
net and IEEE-802.3 specifications. In an 
Ethernet/IEEE-802.3 application, the MK68591/2 inter- 
faces the MK68590 Local Area Network Controller for 
Ethernet (LANCE™) to the Ethernet transceiver cable, 
acquires clock and data within 6 bit-times and decodes 
Manchester data up to + 20 ns phase jitter at 10 MHz. 
SIA provides both guaranteed signal threshold limits 
and transient noise suppression circuitry in both data 
and collision paths to minimize false start conditions. 


LANCE is a trademark of Thomson Components - Mostek Corporation. 


8-17 


MK68591/2(P,J,N) 


| SERIAL INTERFACE 
| ADAPTER (SIA) 


COMMUNICATIONS PRODUCTS 
















cLsN [ | 1 24[ | Collision+ 
Rx [ ]2 23] _| Collision- 
RENA [ | 3 22] | Receive+ 


21{ _] Receive- 


M 
K 
TSEL 6 20] Test 
8 
GND, 9 181 | Vec2 
1 
xy / 17| | PF 
Xo 2 16) | RF 
TX 15{ |] GND, 


TCLK 141] Transmit+ 


TENA 13[ ] Transmit— 


Figure 1. Pin Assignments 



















MK68590 


MK68591/2 
nP LANCE SIA 


ETHERNET 
GP i SH TRANSCEIVER 
TRANSCEIVER 


ETHERNET 
CONTROLLER ETHERNET a 


COAX 








Figure 2. Typical Ethernet Node 


Controller Interface © 


Receive Data (RX) 
Receive Clock (RCLK) 








Carrier Present (RENA) 





Collision (CLSN) <q— 


Transmit Data (TX) 
Transmit Enable (TENA) 


Transmit Clock (TCLK) 





1 Manchester ‘ Data 
Decoder Receiver aa 


Carrier 

Detect 

Collision 
Detect 


Manchester 
Encoder 





XTAL, 


Reject 
Filter 


Noise 
Reject 
Filter 


‘Receive + 









Receive — 


Collision + 


Collision — 


Transmit + 


Transmit — 


aoepa}U] ABAIB|ISUeAL 


Figure 3. MK68591/2 Block Diagram 


PIN DESCRIPTION 


CLSN 


RX 


RENA 


RCLK 


Collision (output). A TTL active high 


output. Signals at the Collision + termi- 
nals meeting threshold and pulse width 
requirements will produce a logic high 
at CLSN output. When no signal is 
present at Collision +, CLSN output will 
be low. 


Receive Data (output). A MOS/TTL 
output, recovered data. When there is 
no signal at Receive + and TEST is 
high, RX is high. RX is actuated with 
RCLK and remains activated until end 
of message. During reception, RX is 
synchronous with RCLK and changes 
after the rising edge of RCLK. 





Receive Enable (output). A TTL active 
high output. When there is no signal at 
Receive + and TEST is high, RENA is 
low. Signals at Receive+ meeting 
threshold and pulse width requirements 
will produce a logic high at RENA. 
When Receive + becomes idle, RENA 
returns to the low state synchronous 
with the rising edge of RCLK. 





Receive Clock (output). A MOS/TTL 
output recovered clock. When there is 
no signal at Receive + and TEST is 
high, RCLK is low. RCLK is activated af- 
ter the third negative data transition at 
Receive +, and remains active until end 
of message. When TEST is low, RCLK is 


enabled. 








TX 


TENA 


TCLK 


Transmit + 
Transmit — 


Transmit (input). TTL compatible input. 
When TENA is high, signals at TX meet- 
ing setup and hold time to TLCK will be 
encoded as normal Manchester at 
Transmit + and Transmit —. 


TX High: Transmit + is negative with 
respect to Transmit — for first 
half of data bit cell. 

TX Low: Transmit + is positive with 

respect to Transmit — for first 

half of data bit cell. 


Transmit Enable (input). TTL compat- 
ible input. Active high data encoder ena- 
ble. Signals meeting setup and hold 
time to TCLK allow encoding of Man- 
chester data from TX to Transmit + and 
Transmit —. 


Transmit Clock (output). MOS/TTL 
output. TCLK provides symmetrical high 
and low clock signals at data rate for 
reference timing of data to be encoded. 
It also provides clock signals for the 
controller chip (MK68590 LANCE) and 
an internal timing reference for receive 
path voltage controlled oscillators. 


Transmit (outputs). A differential line 
output. This line pair is intended to oper- 
ate into terminated transmission lines. 
For signals meeting setup and hold time 
to TCLK at TENA and TX Manchester 
clock and data are outputted at Trans- 
mit +/Transmit —. When operating into 
a 780 terminated transmission line, sig- 
nalling meetings the required output 


Receive + 
Receive — 


Collision + 
Collision — 


TSEL 


X4, Xo 


RF 


PF 


levels and skew for both Ethernet and 
IEEE-802.3 drop cables. 


Receiver (inputs). A differential input. 
A pair of internally biased line receivers 
consisting of a carrier detect receiver 
with offset threshold and noise filtering 
to detect the signal, and a data recov- 
ery receiver with no offset for Man- 
chester data decoding. 


Collision (inputs). A differential input. 
An internally biased line receiver input 
with offset threshold and noise filtering. 
Signals at Collision + have no effect on 
data path functions. 


Transmit Mode Select. An open collec- 
tor output and sense amplifier input. 


TSEL Low: Idle transmit state Trans- 
mit + is positive with 


respect to Transmit —. 


TSEL High: Idle transmit state Trans- 
mit + and Transmit — are 
equal, providing ‘‘zero” 
differential to operate 
transformer coupled 
loads. 


When connected with an RC network, 
TSEL is held low during transmission. 
At the end of transmission, the open col- 
lector output is disabled, allowing TSEL 
to rise and provide a smooth transmis- 
sion from logic high to ‘‘zero”’ differen- 
tia! idle. Delay and output return to zero 
are externally controlled by the RC time 
constant TSEL. 


Biased Crystal Oscillator. X, is the in- 
put and Xp is the bypass port. When 
connected for crystal operation, the sys- 
tem clock which appears at TCLK is half 
the frequency of the crystal oscillator. X, 
may be driven from an external source 
of two times the data rate. 


Frequency Setting Voltage Controlled 
Oscillator (Veo) Loop Filter. This loop 
filter output is a reference voltage for the 
receive path phase detector. It also is a 
reference for timing noise immunity 
circuits in the collision and receive ena- 
ble path. Nominal reference Veo gain 
is 1.25 TCLK frequency MHZ/V. 


Receive Path Veco Phase Lock Loop 
Filter. This loop filter input is the con- 
trol for receive path loop damping. 


Frequency of the receive Vco is inter- 
nally limited to transmit frequency + 
12%. Nominal receive Veo gain is 0.25 
reference Voo gain MHz/V. 





TEST Test Control (input). A static input that 
is connected to Veo for normal 
MK68591/2 operation and to ground for 
testing of receive path function. When 
TEST is grounded, RCLK and RX are 
enabled so that receive path loop may 
be functionally tested. 

GND, High Current Ground 

GND, Logic Ground 

GND; Voltage Controlled Oscillator Ground 

Veci High Current and Logic Supply 

Veco Voltage Controlled Oscillator Supply 


FUNCTIONAL DESCRIPTION 


The MK68591/2 Serial Interface Adapter (SIA) has three 
basic functions. It is a Manchester Encoder/line driver 
in the transmit path, a Manchester Decoder with noise 
filtering and quick lock-on characteristics in the receive 
path, and a signal detect/converter (10 MHz differen- 
tial to TTL) in the collision path. In addition, the SIA pro- 
vides the interface between the TTL logic environment 
of LANCE and the differential signaling environment in 
the transceiver cable. 


TRANSMIT PATH 


The transmit section encodes separate clock and NRZ* 
data input signals meeting the set up and hold time to 
TCLK at TENA and TX, into a standard Manchester || 
serial bit stream. The transmit outputs (Transmit 
+/ Transmit —) are designed to operate into terminat- 
ed transmission lines. When operating into a 780 ter- 
minated transmission line, signaling meets the required 
output levels and skew for both Ethernet and 
JEEE-802.3. 


Transmitter Timing and Operation 


A 20 MHz fundamental mode crystal oscillator provides 
the basic timing reference in the SIA. It is divided by 
two to create the transmit clock reference (TCLK). Both 
20 MHz and 10 MHz clocks are fed into the Manchester 
Encoder to generate the transitions in the encoded data 
stream. The 10 MHz clock, TCLK, is used by the SIA 
to internally synchronize transmit data (TX) and transmit 


*Non-Return-to-Zero 










MANCHESTER 


I+ 
ENCODER TRANSMIT i+ 


20 MHz [—] 


Figure 4. Transmit Section 


enable (TENA). TCLK is also used as a stable bit-rate 
clock by the receive section of the SIA and by other 
devices in the system (the MK68590 LANCE uses TCLK 
to drive its internal state machine). The oscillator may 
use an external 0.005% crystal or an external TTL level 
input as a reference. Transmit accuracy of 0.01% is 
achieved (no external adjustments are required). 


TENA is activated when the first bit of data is made 
available on TX. As long as TENA remains high, sig- 
nals at TX will be encoded as Manchester and will ap- 
pear at Transmit + and Transmit —. When TENA goes 
low, the differential transmit outputs go to one of the 
two idle states defined below: 


¢ TSEL High: The idle state of Transmit +/ Transmit — 
yields “zero” differential to operate transformer 
coupled loads (see Figure 14a). 


¢ TSEL Low: In this idle state, Transmit + is positive 
to Transmit — logical high (see Figure 14b). 


RECEIVE PATH 


The principle function of the receiver is the separation 
of the Manchester encoded data stream into clock and 
NRZ data. 


Input Signal Conditioning 


Before the data and clock can be separated, it must be 
determined whether there is “real” data or unwanted 
noise at the transceiver interface. The MK68591/2 SIA 
carrier detection receiver provides a static noise mar- 
gin of —175 to —275 mV for received carrier detection. 
These DC thresholds assure that no signal more posi- 
tive than —175 mV is ever decoded and that signals 
more negative than —275 mV are always decoded. 
Transient noise of less than 10ns duration in the colli- 
sion path and 20 ns duration in the data path are also 
rejected. 


This signal conditioning prevents unwanted idle noise 
on the transceiver cable from causing “false starts” in 
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the receiver. This helps assure a valid response to 
“real” data. 


The receiver section, shown in Figure 6, consists of two 
data paths. The receive data path is designed to be a 
zero threshold, high bandwidth receiver. The carrier 
detection receiver has an additional bias generator. Only 
data amplitudes larger than the bias level are interpret- 
ed as valid data. The noise rejection filter prevents noise 
transients of less than 20 ns from enabling the data 
receiver output. The collision detector similarly rejects 
noise transients of less than 10 ns. 


Receiver Section Timing 


Receive Enable (RENA) is the “carrier present” indi- 
cation established when a signal of sufficient amplitude 
(Vipc) and duration (taow,) is present at the receive 
inputs. Receive Clock (RCLK) and Receive Data (RX) 
become available after the third negative data transition 






MANCESTER 
DECODER 


RECEIVE + 


RENA 


Figure 5. Receiver 


at Receive +/ Receive — inputs, and stay active until 
the end of a packet. During reception, RX is syn- 
chronous with RCLK, changing after the rising edge of 
RCLK. 


The receiver detects the end of a packet when the nor- 
mal transition on the differential inputs cease. After the 
last low-to-high transition, RENA goes low and RCLK 
completes one last cycle, storing the last data bit. It then 
becomes and remains low (see Receive End of Packet 
Timing diagrams). When TEST is low, RCLK continues 
to run, tracking data (if available) or synchronize with 
TCLK. 


Receive Clock Control 


To insure quick capture of incoming data, the receiver 
phase-locked-loop is frequency locked to the transmit 
oscillator and it phase locks to incoming data edges. 
Clock and data are available within 6 bit times (accurate 
to within +3 ns). The SIA will decode jittered data of 
up to +20 ns (see Figure 7). 












PHASE 
DETECTOR 


O + 
DATA 


RCLK 


CLOCK 
AEN, GATING 











CARRIER 
REC > _ 
Cz 
Figure 6. Receiver Section Detail 

Differential 1/O Terminations 
The differential input for the Manchester data (receive 
+) is externally terminated by two 40.2 0+1% resistors 
and one optional common mode bypass capacitor. The 500s sDORS 








differential input impedance Z,j- and the common 
mode input Zc, are specified so that the Ethernet spe- 
cification for cable termination impedance is met us- 
ing standard 1% resistor terminators. The Collision + 
differential input is terminated in exactly the same way 
as the receive input (see Figure 8). 


MAXIMUM —> 
JITTER 








+5ns 
ALLOWABLE 
SAMPLING ERROR 


50ns 


Collision Detection 


The Ethernet Transceiver detects collisions on the 
Ethernet and generates a 10MHz signal on the trans- 
ceiver cable (Collision +/ Collision —). This collision sig- 
nal passes through an input stage which assures signal 
levels and pulse duration. When the signal is detected 
by the SIA, the SIA sets the CLSN line high. This con- 
dition continues for approximately 190ns after the last Figure 7. Maximum Jitter impact On Sampling 
low-to-high transition on Collision +/ Collision —. 
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e 40.22 1% 
a F |}. 1 CLSN COLLISION + 24 L_| A 
40.22 1% C 
RX ~ 4 
Ty 2 COLLISION ~ 23] _| ee 
40.22 1% L 
mi RECEIVE + 22 |__| 5. 
Re c 
3KQ E — 21 5 
= RECEIVE - 21] | = 01 oF 
5 uF 
= | ees 
100 pF 
20 MHz 
PARALLEL = 7] | 
MODE 
CRYSTAL CJ Soe 
50 pF le | 9 {| pee 
0.005% ACCURATE . 100 pF 0.1 uf 005 » 
Fy 10 15, | 
° 
ae TRANSMIT + 14] | 
P12 TRANSMIT ~ 13 [| 
NOTES: 
1, Connect Ry, Re, C for 0 differential nontransmit. Connect to ground for logic 
1 differential nontransmit. 
2, Pin 20 shown for normal device operation. 
3. Nodes A and B may be connected directly to ground for proper decoder 
operations, or to the common mode bypass C4 and Cs. Some direct cou- 
pled transceivers require C4 and Cs to ground for proper operation. 
Figure 8. MK68591/2 External Component Diagram 
Vec 
C, 
R, 680 pF 
5100) 
R, 
TSEL 
(PIN 5) io 
TSEL 
(PIN 5) 
TSEL LOW TSEL HIGH 


Figure 9. Transmit Mode Select (TSEL) Connection 
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ABSOLUTE MAXIMUM RATINGS* 


St0fage: TeMperature ri eu py daha Pha old eR OWES vals ROMA HAG ee Dee OIL ew eae -65 to +150°C 
Temperature (Ambient) Under Bias... ......0..0202000 000. eee 0 to 70°C 
Supply Voltage to Ground Potential Continuous.........0.0.0.00000 0000 eee +7.0V 
DC Voltage Applied to Outputs for High Output State......0.0 2.0. ee, -0.5 to +Vcc max 
DC. Input Voltage: (Logic INPuts)ci.o6:s cveneu< och te ne Lane Saeek o0Ge Saks elle ge aed oe ee ta es +5.5V 
DC Input Voltage (Receive/Collision)... 0.0... 0.000. -6 to +6 V 
Transmit: Output Conent.:. 2c. aond4 5k eee on Pk eee aS ww ee SER eh a OS en ew —50 to +5 mA 
DG-Output Current, Into OUlputS sss oes ec dpi ees Maa ee PAG ees eat Bee de aes 100 mA 
DC Input GC unrent (EOGIC: INO Uts |i cco erty hoe tle Bee vied ee Raise Begin Bb Dah edn Se a cod, he eee We alan tere ens ea +30 mA 


*Stresses above those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE The following conditions apply unless otherwise 
specified: 
Ty = Oto 70°C, Veg = 5.0 V+10 percent, MIN = 4.5 V, MAX = 5.5 V, period of crystal oscillator (Tog¢) = 50 ns 


Description Test Conditions | Min Typ Max Units 


Output High Voltage RX, RENA, 








































































V 
OH CLSN, TCLK, RCLK ae oa Y | 
V Output Low Voltage RCLK, TCLK, RENA, lon = 16 mA, V 
OL RX, CLSN, TSEL 
Differential Output Voltage V R,; = 782 550 
de +) — (Transmit —) Figure 19 
Vop oFF. | Transmit Differential Output Idle Voltage R, =78 0 Figure 19 —20 mV | 
lOD OFF Transmit Differential Output Idle Current TSEL = HIGH —05 mA ‘ 
Common Mode Output Transmit Voltage Figure 19 V E 
V Differential Output Voltage Imbalance Ry = 7802 
ODI ‘ mV 
(Transmit +)| | Vo| — | Voi | 














Input High Voltage TTL 
Input High Current TTL 


Co ee 
Weo= Wen vysarv[ de 


< 









S 























IH 
Me Input Low Current TTL Voc = Max, Vin = 04 V -400 | pA 
VEG Differential Input Threshold (Rec Data) Figure 20 0 425 mV 








Power Supply Current tosc = 50 ns 


tosc = 50 ns, Ta = Max 
RX, TCLK, CLSN, RENA, RCLK 


Pe 
I = =i 
m 


Receive and Collision Input Bias Voltage ‘n= | : 3.5 : 
Receive and Collision Input Low Curent —1.64 mA 


Differential Input Threshold (Carrier/Collision +) Figure 20 —175 —225 -—275 m 
80 ‘a 


V 
125 1 A 
160 






=< 
Oo 
ie) 















loc 
Vip 






Input Breakdown Voltage V; = +5.5 (TX, TENA, TEST) 


o 








=< 
O 


Input Clamp Voltage 















VICM 
NLD 





V 
IN 
HD Receive and Collision Input High Current Vin = 6V +0.4 mA 
HZ Receive and Collision Input High Current Voc = 9 Vin = +6 V 0.4 mA 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE The following conditions apply unless otherwise specified: 


Ta = 0 to 70°C, Veg = 5.0 V+10 percent, MIN 


# 


Signal 


Parameters 


= 45 V, MAX = 55 V, Togo = 


Description 





| RECEIVER SPECIFICATION 




















































































50 ns 


























[eat Gonaitions [win [We | wex | Unie 


































































































NOTE: 


Assumes equal capacitance loading on RCLK and RX. 











1 | RCLK tact RCLK Cycle Time 100 | 118 
esa s 
5 | RCLK TRACE RCLK Fall Time ae: 8 
| 6 | RX tron _| RX Rise Time Cy = 50 pF | | as 8 
75s Figure 17a 
7 | RX t RX Fall Time 25 8 ns 
|_7| ROF fa rn ne pins | 
L 8 | RX _| trou RX Hold Time (RCLK to RX Change) Fs6er oh 8 ns 
9 | RX taps | RX Prop Delay (RCLK to RX Stable) 8 25 ns 
“T 
10 | RENA er RENA Turn-On Delay (Ving Max on Figures 10, 16a, and 20 50 80 ns 
Receive + to RENA,) 
i ea . . 
11.) RENA topo RENA Turn-Off Delay (Vino Min on Figures 11 and 20 265 300 ns 
Receive + to RENA, ) 
12 | RENA topL RENA Low Time Figure 11 120 200 ns 
= {__ +— 
13 | Rec + tRpwrR Receive + Input Pulse Width to Figures 16a and 20 ns 
Reject (Input <Vipn¢g Min) 
14} Rec + tRpwo Receive + Input Pulse Width to Turn- Figures 16a and 20 ns 
On (Input>Ving Max) . 
15 | RCLK tniz Decoder Acquisition Time Figure 10 390 | 450 
COLLISION SPECIFICATION 
16 | Coll +0 tcpwrR Collision Input Pulse Width to Reject 
(Input <Vipn¢ Min) Figures 16b and 20 ns 
17 | Coll + tcpwo Collision Input Pulse Width to Turn- 
On (Collision + Exceeds Ving Max) 
aes 
18 | Coll + tCcPpWE Collision Input to Turn-Off CLSN 
a (Input <Vipn¢g Max) 
19 | Coll + tCPWN Collision Input to Not Turn-Off CLSN 
(Input >V Min 
een ee | put>Ving Min) 
20 | CLSN tcoPH CLSN Turn-On Delay (Vino Max on 
L A Collision + to CLSNi) Figures 15, 16b, and 20 33 50 ns 
21 CLSN tcpo CLSN Turn-Off Delay (Vipc Min on 
Collision + to CLSN, ) 133 160 ns 
TRANSMITTER SPECIFICATION 
Bo) TOLK: 9 tree. TCLK Low Time 50 55 
23/ TCLK | troy TCLK High Time tosc = 50 ns 50 55 
27 | TX, TENA | troy, trey] TX and TENA Hold Time 17b 5 a1 | | ons | 
28 | TX + ttOCE Transmit + Output, (Bit Cell Center bel ae 
19 Eage) Figures 14a, 14b, and 19 — 30 50.5 ne 
[top ___ | TCLK High to Transmit + Output [| 80 | 100 
Vc ; ; : 
IxX2 _| ‘tor Transmit + Output Rise Time 20 through 80 percent 
TX + t Transmit + Output Fall Time Figure 19 2 4 ns 
| tro p g ean i a a 
TX + V Undershoot Voltage at Zero Differen- Figure 14a —100 mV 
OD tial Point on Transmit Return to 
ii Zero (End of Message) 





RECEIVE |. ov 
(MEASURED 


DIFFERENTIALLY) -+— Ph = 
* mae. 
me one FIRST BIT __ 
DECODED 
RENA | 
Paes 
RCLK iN 


ss KOA De Le 


* PULSE WIDTH OF = 45 ns IS ALWAYS RECOGNIZED. 
HOWEVER, PULSE WIDTH OF < 20 ns IS REJECTED. 


Figure 10. Receiver Timing — Start of Packet 





— NIT 


(MEASURED bal 
— aah 


RENA 


RCLK 


RX | 


Figure 11. Receiver Timing — End of Packet (Last Bit = 0) 
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Wo lls OAS ae Sh ae a. SOP ih sa = 4 
{ 
RECEIVE + 
(MEASURED 
DIFFERENTIALLY) = E Fest 
RENA 


RCLK 


RX I 


Figure 12. Receiver Timing — End of Packet (Last Bit = 1) 


TCLK 2.0V 2.0V 
TENA 


TX 


TRANSMIT + 
(MEASURED 
DIFFERENTIALLY) 





— ee ee we we 


BIT CELL BIT CELL 
BOUNDARY CENTER 


Figure 13. Transmitter Timing — Start of Transmission (TSEL Low, TSEL High) 
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| 
TCLK CP (FP) 2.0V 
27 


TENA 


Sto OM AUUKUCAUK VAAN 


29 
y 28 28 
| “_—n_ 
s, ! ee a 
TRANSMIT + gy / eet 
(MEASURED See Ses eee 


DIFFERENTIALLY) \ i “4 
| ‘ 


Ly (LAST 1) BIT LAST BIT 
| CELL CELL 





TSEL (HIGH) 


eee | KXAN 
}+—— BIT CELL >} 200s > 







TRANSMIT + OV 


(MEASURED 
DIFFERENTIALLY) 


(LAST —1)BIT _ 
CELL 


Figure 14a. Transmitter Timing — End of Transmission (TSEL High) 


| 
TCLK f Cf) 2.0V 
27 


TENA 08V 


caster o ™ NM) AMA 


29 


(MEASURED 
BiERERENTIALINS [aa 


| 
| 
I 
Alls H BIT LAST BIT 
(HIGH) -—— he CELL 


28 


TSEL (LOW) 


ce AY KAAS 
sara 
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Figure 15. Collision Timing 
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Figure 16a. Receive + Input Pulse Width Timing 
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Figure 17a. RCLK and RX Timing 
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Figure 16b. Collision + Input Pulse Width Timing 
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Figure 17b. TCLK and TX Timing 
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Figure 19. Transmit + Output Test Circuit 
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Figure 20. Receive + and Collision + Input Test Circuit 
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CHAPTER 9 - SURFACE MOUNTED DEVICES 
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SURFACE MOUNTED DEVICES: today’s 
solution for state-of-the-art system designs. 


Today’s trend toward light weight system designs 
with high component density allows Surface Mounting 
Technology to revolutionize manufacturing in 

the Electronics industry. 


Reduction in board assembly cost by as much as 40% 
and in board size by as much as 50% is a goal that 
can be reached throught the utilization of Surface 
Mounted Devices: 

Active Semiconductors (SO IC’s) - SO Discretes 

and Chip carriers as well as passive resistors and 
capacitor chips. 


Today system designers can select package outlines 
that meet state-of-the-art weight/space ratio 
requirements while enhancing electrical performance. 


By 1990, through widely accepted data, one can 
foresee above 50% of the world wide demand to be 
Surface Mounted Devices. 





Epoxy Molding 
Compound 


Included in the THOMSON SEMICONDUCTEURS family 
of Surface Mounted Devices are integrated circuits 
(SO8 - SO28), Plastic Leaded Chip Carriers (PLCC) from 
18 to 84 pins, Leadlen Ceramic Chip Carrier’s (LCCC) 
from 20 to 68 pads, as well as discrete diodes and 
transistors in SOT 23 (TO-236). 


Capacitor chips are also available in THOMSON LCC. 
Compared to conventional types THOMSON SC’s SMD 
have the following features: 

¢ Compact design enabling high packing density and 
significant reduction in board size and weight, for 
instance in consumer electronics, telecommunications 
and automotives. 

e Easy and low cost handling through automated high 
speed pick and place machinery. 

¢ Mounting capability on both sides of all types of 
substrates (Ceramic or PC boards) using all current 
methods, such as wave soldering reflow and vapor 
phase technics. 

¢ Same electrical characteristics (same dice) as 
conventional packages, with improved high frequency, 
high speed switching performances due to lower lead 
inductance and capacitance. 

¢ Optimized way to package VLSI circuits by utilizing 
plastic chip carrier along with SO packages, leading to 
a major advantage over chip and wire assembiy 
processes. 


Output lead 


Lead frame: spot plated copper 

— Die attach: silver filled compound 

— Wire bonding: Thermosonic ball bonding of 

golf wires 

Encapsulation: high performance non inflammable 
epoxy 

— Lead coating: 40/60 Sn-Pb solder dipping. 
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MOUNTING METHODS 


PLCC and LCCC may be mounted on either PC boards 
or substrates, employing different soldering methods. 


Reflow process 

e This method permits the soldering of all components 
in a single operation. In this case, solder cream is used 
either by screen printing or employing a pneumatic gun. 
After the application of solder cream the components 
are mounted and the circuit is guided through an 
infrared or convection oven which allows the solder 

to melt. 

in order to avoid solder spreading risks and to position 
the components, the board should be pre-screen printed 
with an insulating material. 


T°C 







Solder fusion 
temperature 





pre-heating 


e An other way to solder coat the board is to dip it into 
a soldering bath or through wave soldering. Then, flux 
is applied by a brush or immersion and the components 
are placed. 


The soldering is done by reflow through an oven 

as above. 

The result obtained by both methods is identical. 
However, in this case, a complete tinning of the circuit 
is necessary. 


Wave soldering process 

The components are glued to substrate by means of 
an insulated glue. The board is dipped in flux and then 
goes through the wave soldering process. 


Hot air soldering 

In this system, the soldering iron must be replaced by 
a hot air nozzle. Employing this method, 

an improvement in solder temperature control 

is achieved. 

It is also easy to correct some soldering failures 

with this method. 


Heated collet 
This method is used for rework and soldering PCC 
on the versus side of the board after wave solder. 


Vapor phase soldering (VPS) 

This method uses the heat of the vapor of a boiling 
inert fluorinated fluid. Soldering is accomplished 

by either screening tin layers or by electroplating 
solder paste. 

Components are then mounted in appropriate locations 
and soldered to the circuit by dipping it into the vapor 
of boiling inert fluorinated fluid. 

The main advantages of this method are: 

e Uniform workpiece temperature whatever the 
difference in size of the components involved 

e Accurate temperature without any elaborate control 
(temperature of boiling inert fluid) 

© Dipping time may be very short and as a consequence 
better soldering results are obtained 

© Soldering takes place in an oxygen-free atmosphere 
which permits: 

— to use less active soldering flux, and 

— to avoid soldering flux oxidation (easy cleaning 

of remaining flux). 


Remarks 

Various types of high speed automatic mounting 
equipments for passive and active devices are available 
contributing to considerable reduction in production 
costs. 


THERMAL CHARACTERISTICS 


Thermal performances of SMD are dependent upon 
substrate material, size, mounting process, chip area, 
die attach and lead frame material characteristics. 


Rin j-a(°C/W) 


150 


For PLCC, copper is selected in order to improve the 
thermal characteristics. Therefore thermal resistance 
approaching that of a conventional Fe Ni 42 DIL can be 
obtained. : 


womens CU lead frame 


an ma am Fe Ni lead frame 





0 
Junction-ambient air thermal resistance, components reported on classical PC board (FR 4, 1.3mm thickness, 50 x 50 mm size). 


Allowable power dissipation can reach 350 mW 
according to device type, refer to data sheet. 


50 (pin count) 
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